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The Eoliject matter contoiaeil in the foUoiruig page« wm 
onginallf publiihed in bd abridged farm, u the finl part oE 
a short Ireatise on "Minai >nd Mining in Ihe Late Distriot;" 
bnt AS the etadenta of geology gre»tl; exceed in nnmber those 
-who nre inletested in mining, and u there U & ooDituitlr 
increuing demuid for a short and portable description of the 
geology and mineraU of the Lske District, I wae iaduced 
to enlarge tlightlj and re-pnblish that part of the book 
aeparately. 

It has been my greatest pleaanre, for upwards of twenty 
yean, lo aearch amongst the ancient eedimantary rocks of our 
mountains and ralleys for the remoios of life they contain, 
And I h*Te endeavoured to give in these pages a fairly 
complete description of those remains of life. The section on 
the MoUusca is the only account that has been publtsbed of 
these fosails, as they occur in the Skiddaw Slate Bocks. 

In compiling this work, I have been greatly indebted to the 
works of the tate James Clifton Ward, F.Q.S., who mapped 
and described the northern port of the English Lake District 
in a most careful and efficient manner, when employad on the 



0«ologicat Survey. I have alio obtainad and made nae of 
infonuatioa from the writiagB of other aathon, iuolndiDg the 
Officer* of the Qeologioal Survey, who mapped and described 
other portioDs of the DietrUt, and I Mknowledge 1117 
iudebtedneu to them. 

My very beat thaalu are alao doe to Mia Hoare, of 
Leamington, for her kind tuid efficient help in making 
drawings of sections, and also of graptolitea, triloUtee, and 
bnahiopodi. 

THB AUTHOR. 
Keswick, May, 1897. 
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PREFACE TO SECOND EDITION. 



Id preparing for th« isane of a Seeond Bditioo of this book, 
I have revised, and therabj eDdeaTonred to make it more 
complete, and additioaal ILbIi and plates of fosiila have been 
added. The leotion on the Mollnaca of the Skiddaw Slatea 
has been re-arraoged, and the figure! htiTe been carefnlly 
drawn by aa experienoed and efficient artiet, 

In this form I trust that the book will be of Berrioe to 
geological atudenta, and to the large, and annnallj inrreaaing 
number of tonrists wbo are interested in geology, and who 
desire to obtain, in a concise and portable form, some account 
of the rooks of the Lake Conntr;. and of the remuns of Ufe 
thejr contain. 

I would again acknowledge my indebtedness to the Uap« 
Slid Memoirs of the Qeological Survey, and to the writings 
of other authors whose works and opinions are quoted, and to 
whom I with to tender my sincere tbtmks. 

I am aleo greatly indebted to Mias Hoare, of Leamington, 
for her kind and efficient help in making drawings oC fossils. 

THE ADTBOB. 
Keswick, May, 1906. 
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THE GEOLOGY 

OF THE 

ENGLISH LAKE DISTRICT, 



THE Eoglish Lake District poBaeuea man; feature* of 
intereat for studeiitg of natute -, ite meteorological con- 
ditions, ita varied and beantiful Bcenery, the fauna acd flora of 
its mountains, valleys, rivera, lakea. and wooda, all offer wide 
flelda for patient inveatigatioo and research. But above all. it 
nill be found thtit a careful etudy of the structure of its rocky 
frameworlt. and the materials of which that framework ia 
composed, together with the nnrHvelliDg of its somewhat 
tangled geologic history, will ahundantiy repay the student. 
The sedimentary rocks exposed in the northern part of the area 
under consideration rank not in point of age ti> the oldest 
formation whiuh contains undoubted remains of lite ; the 
Tolcaoic rocks, which succeed tbose of sedimentary origin, 
cover a much wider area, and arc not less varied in character 
aod oompoaitaon ; the igneous, metamorphic, and secundary 
rocka are also equally interestiug; while the mineral veins of 
the Districl, with their melalliferons and non- metalliferous 
contents, and the fossil contents of the sedimentary and 
calcateoas rocks, alt firm special Hubjects for investigation. 



Prior to tb* y«ar 1879. the Tocki whioh occupy tha main utn 
of the Lake Diitrict were regarded as part of the Silarian 
system, but the revised cloasiGcstion of the older palEeoioic 
TockB, propoaed hy Frofeasor Lapwortb, in the Oeological 
Magaxine for January, 1B79, is now generally adopted. 
Jonathan Otley, of Keaw ick, woe the first to discovsT th«t the 
rocks of tha Lake District are capable of being classed in three 
distinct groups, nhich nere named by him, Clayslate, Green- 
atone, aad OreywBcke. These divisiona vere afterwards 
described in greater detail by Profeseors Sedgwiek, Phillips, 
and Harkneas; and still later by Profesg or Nicholson, F.GI.S» 
by whom tbe; were clasaed as foUons; — Skiddaw Slates, 
Oreen Slates and Porphyries, and Coniaton Limestone, Flags, 
and Grits. Id 1B76, J- Clifton Ward's "Memoir of the Geology 
of the Northern Part of the Engiiah Lake Diatrict" waa 
published, and in 1S79 "The Fhyaioal Hiatory of the English 
Lake District," by the same author. Id these, Mr. Ward 
renamed the Green Slaues and Forphyriea, "The Volcanic 
Series of Borroirdale." 

More recently (1900), Mr. John E. Marr and Ur. Alfred 
Barker read a Paper to the Members of the Geologiata' 
Assoeiatioo, entitled "Notes on the Geology of the Engliab 
Lake I>iatrict.* In this Paper the old name "Green Slates 
and Porphyries" is again given to the Volcanic Series, and 
the three great divisions of strata are described by the 
•nthors, under the appetUtions of "Lowet Slates, Middle 
Slates, and Upper Slates." 

Combining the arrangements of former workers, I pmpoie 
to adopt the following classidoation :— 

Anthropozoio Kecent . ■ j q^^i'*"'*'- 
' FiDcctdiDgi of Ihc GcoloiiiU' Auociuion, ijso, VoL XVI., page 440. 



. I Upper FetmiMi. 

' ■ ( Lower do. 
I ^ . -. ( Coal Meuarei. 

I CubocAn,.. j c„b<»if«o™lim«t<.n.S.™ 

I Ludlow. 
inn . . < CooiBtion Flags and Grits. 

( Stockdkle ShalM. 

j Coniston Limeataue Sories 
vioiui . < Volowio Series of BoiTowdale. 

( Skiddftw SUtea. 



8KIDDAW SLATES. 
The Skiddaw SUtei occupy the DOrtli-weatarD portion of the 
Lake District, uid cover an area uE about SOO iquare milu. 
The weateni, north- westem, ud eaatera boandariea of this 
area are formed bjr carboniferoDs limeeione, aod it is bounded 
on the north and north-eaet ]>y the volcanio rocks of the 
Caldbaak mountains. On its eouth-eutern margin, wbioh 
extends in a somewhat irregular coaree from SniQescalee Beck, 
near Penraddock, by Uellfell and Threlkeld Common, to the 
foot of Walla Crag; thence along the eaetem shore of Derwent- 
water, and oter Maidsa Moor, to the northern end of Honist«r 
Pua, it is SDcceeded. aa far a> the weitem side of Mellfell, by 
conglomerate ; and from that point onward to Honiiter Pass, 
by the voloaoio rooks of the Borrowdale Series, wbioh are 
thrown down by a fault, extending along the whole length 
of the aouth-eaatem margin. And on the aouth, from the 
northern end of Honiater Pass, to Dent Hill, near E^remont, 
this area is bounded partly by the Buttennere and Ennerdale 
Orsnophyre, and partly by the Borrowdale Series. There is 
an isolated exposure of Skiddaw Slate at the sonth-weatem 
comer of the Lake Distriot, including Black Combe mountain ; 
and two eipoaures on the eaateru side, namely, one at the 
lower end of Ullswater, and the other extendisg from the 
neighbourhood of Butterwicb, to Thornehip, near Shap. There 



is probably » very eiteoaive area of Skiddaw Slate buried 
beneath strata of a later date, aad it was do doubt once cod- 
tiDDOUH with the Bedimeotary roctu of the Isle of Man, and 
those of Wales aod IreUad. 

The Stiddaw Slate Bocks ooDiist of a aeries of beds of soft 
shale, or slaty mudstoDe, iDterstratified with occasional beds of 
mioaceoua grit- 1'he slaty mudstone, which fonns the moat 
importaot part of the series, is a soft black or dark grey rock, 
frequeotlj' coDtsiuing cubes of iron pyrites, aad in some places 
oval-ahaped ferrngiDoni nodules of varioua sizea. This rock 
has been subjected to great lateral pressaie, by which it has 
been cleaved, crampled and contorted, and moat of it breaks 
up into splintery and pencil-like fragments ; bat in localities, 
where the cleaTage coincides with the bedding, it splits readily 
into thin leaves. The stooe is of little value commerciallf, as 
it rapidly falls to decay when eiposed to the atmosphere. The 
beds of grit are occasionally of considerable, but irregular 
thickneas, generally more or leas micaceous, and of a hard and 
durable character. Id some localities the grit is coarse and 
inndy, breaking Dp into square or oblong blocks i in others it 
is formed of finer materials, and is of a flaggy nature. In 
either case it forms a good and durable building stone. These 
beda have also suffered from the lateral pressure which acted 
on the softer strata, but in a much leas degree. 

These altematiDg beds of fine and coarser mud and aand, 
hardened by age and pressure, which probably attain a thick- 
nesa of from 10,000 to 1E,000 feet, represent old marine deposits 
of river and current-home materials. There are no indications 
of deep sea deposits, but rather tboae of shore conditioDB. To 
allow of such an accnmalation of deltaic deposit, there must 
have been a continual depression of the area of deposition, 
duriDg a period of time which has been varioDsly estimated at 
from oDe aod a half to six milUoDS of years. 



During the whole nf this time, whether longer or Hhorter, the 
Bu was inhabited by muttitadeBof living creatures, some beiog 
of a very low type, and othera more highly orgauieed. There 
was vegetable life, too, in the ibape of a«a-weed aitd marsh 
plants, on which tome of the animal forma probably fed, while 
the rest would prey upon each other, or upon more minute 
organisms, of which the rocks ooatsin no record. The remains 
of vegetable life are hut scanty and imperfect, a fact which 
need cause no surprise if we consider their frail and periahabta 
nature, and the immense lapse of time since they ware buried 
in those anoient deposit* of mud and sand. There are, how- 
ever, impressions occasionally met with which may he rpgsrded 
as undoubted specimens of the flora of the Urdovician Age. 
Thoaa hitherto obtained from the Skiddaw Slates are : — 

BulhiXrepliii Seiuoeo. Hall. I Buthouitpliis? ndbia. Nich. 

Harknc^i. Nii^. | Eopbyton? palmitum. Nich. 

The forms of animal life which were fossilized in those 
ancient rocks were of a much more enduring character, aa they 
were enclosed in homy or calcareoas cases, which would 
resist the ordinary decay of nature much longer, and thus 
aSord greater facilities for fossilization. 

The quiet bays and lagoons of the primitive delta before 
mentioned were inhabited by an assemblage of living creatures 
called "Giaptolites,' the fossilised remaina of which conaitt 
of leaf-like or branching grass-like bodies, or the impreeaioDS 
-of those bodies aa they are now seen in the slaty mudstone 
in which thijy were then enclosed. There was much variety 
of form amongst them, although all bore the common family 
likenew. Those fosetlized forms are the remains of chitinous 
or horny cases once inhabited by composite organism), or they 
may be described as colonies of semi-indepeodeot creatures, 
which, when living, must have had a very marked resemblance, 
in many points, to the Sertularian Zoophytes that inhabit our 



Beaa at the present time. la general itTDctnrs they ooasiitad 
of one or more rows of homy cups or cellnles, attached to ■ 
tube or common canal, iato which they probably openeil by a 
narmw aperture at their bases ; and a slender rod, also 
attached to the common canal, bnt whioh often projected 
beyond both ends of it in yonng members, the distal prolonga- 
tion, however, was le«s freqaent in those of matnre growth. 
Both the coaunon canal and tbe slender cod, called the " Aiis," 
were composed of the same horny material aa the cellitleB. 

Each portion of tbia componnd organism fnlfilled its own 
office. Tbe axis, wbiob formed the focndation or back-bone 
of the atipe or polypary, conaisted of a slender fibrous cylinder 
or lod, extending along tbe side of the common canal opposite 
that on which the cnllulai were placed, or between the oater 
walla of the common canaU in forms possessing two or more 
rows of cellules. The chief fnnctien of tbe alia was no donbt 
to give atabUity to the'stmcture. 

The "Common Canai," in which the general body was 
enclosed. consiBted of a tube attached on one aide to the axis, 
and on the opposite aide were tbe cellnles containing the Zooids. 

The "Cellnlea," conaistlng of small cnpa or tiny tubes, were 
placed side by side along tbe common canal, and ware inclined 
at varions angles towards the upper or distal end, each cellule 
overlapping its neighbour to a certain extent. 

Each Oraptolite, of whatever species, had ita origin in ■ 
small triangular or cone shaped body called the "Sioula," 
oonslBting of a chitiaon)! cup, usaally ahout the size of a 
cellule, and which contained the original germ of life from 
which the entire organiam was afterwards deTeloped. 

When Graptolitea were living organisms, there can be no 
doubt that each cellule contained a zooid, which waa oon- 
nectdd with the general body; and that this zooid, like the 
Sertnlariaa Zoophytes of the present time, wonld be faraished 



with tsntocleB or arms for (he porposa of secaring its tood. 
Also, that it would probably poasaii the power to protrude 
itfi head beyond the mouth o( the callnle wbeo necuBsary, and 
retire altogether within it when m enemy approached. 

Neither the yonng nor the adult Graptolites appear to hare 
beea endowed with the power of loonmotian : there Le no tntoe 
ID any of their fouilized remains of organs by which they oouid 
move from place to place. If they were really furnished with 
anoh organs, they miut have been oE a membranous nature, 
•nd, like the soft portions of their bodies, wonld perish acd 
leave no traoe bebied. It must also be remembered that 
Graptolites were composite organisms, consisting in some oasaa 
of from two to three tbonaand Bemi-independent zooids ; and 
we con Boarcely imaf[ine such [lameraaB colonies acting in con. 
cert in reference to the direction iu which they aboald travel. 
The limited hnowledge we posseos reipeoting the habits of 
these interesting creatures, points to the conclusion that, 
tdthongh thej existed as free Drganiimo, yet in all probability 
they performed the work assigned to tbem by a beneficent 
and all-wiee Creator, and then died at the place which 
witnessed their birth. 

In reference to the preservation of the remains of these 
organiemo, it wonld seem that the stipes have generally been 
crashed or flattened ont, bnl in some cases the process of 
fossilization has been completed before any great amount of 
praunre was applied ; and thus the forms were preserved 
in relief. In the prooess of fossilization, the homy substance 
of which they were formed has often been replaoed by iron 
pyrites, but in some cases it has been carbonized. 

There is reason to lieliave that only a very small percentugO 
of the Oraptolites was fossilized ; the remainder wonld decay 
and become mixed with the mod at the bottom of the sea, and 
thus supply the carboD that forms one of the constituents of 



the rook in which they are foand. Some of the slates and 
ahatea that yield Graptolitea most plentifiilly, oontatu aa mnch 
as five per cent, of carbon, derived partly from decayed 
vegelatioD. and |)art1y from the remaiDa of tbeae little 
creatnrea: indeed, it is mora tliB,D probable that the dark 
colour and the anthraoitic appaarance of the most highly- 
fossiliferoas beds may be due to that canse. 

The oldeat rocks in which nraptolites occur are the sedi- 
mentary beda formiag the lower portion of the Ordoviciao 
aeriea, of which the Sliiddaw Slates form part, aod they were 
by far the most sbuDdaot and characteristic creatures of the 
Ordovician Age.* They also lived on into the Silurian Age, 
as their remains are foand in the lower part of tile tjilurtao 
formation, then they disappeared altogether, and I believe 
there is no trace anywhere of their remains in all the vast 
aeriea of rocks ot later age, from the lower Silurian down to 
those most recently formed, representing immense cycles of 
geologic time; and yet the sea is now swarming with their 
living representatives. How strange it is, that their work in 
the economy of natore being incomplete, they should become 
extinct, and, after the lapse of untold ages, reappear almost 
unchanged. The ohief points of difference between the 
ancient Oraptolites and the modern Sertnlarians being that, 
whereas in the former an "axis" was always present, there ia 
no trace of such an organ in the latter; also, that the Grap- 
tolites were free organisms, while the Sertnlarians are always 
attached to some object by a root-like prooeas. In other 
respects the resemblance between the two is very close indeed. 

'Lewer Ordovicisn Rockt, conlsipini Graplolitcs. also occur in the Sonlh 
of Scolland. North uid South Wales. ShroKhire. Nonh and South of Ire. 
Innd, Scandinavia, Belgium, Bchemis, and Canada ; and it is ver, temark- 
Bbletkat [heGmptolitesof theSkiddaw "' - '"'^ ■'- '- ' 



JulTHlain.' 



Ii«] totH'^nadli 



T Island, neai i 



Abont 120 BpcciM of Gnptolites have been fonnd in the 
lower and aiddte Ordovician Bcwki of Great Britain, and of 
Vheae 59 have been obtained from the Sbiddaw 3latM. 

The following ia a liat of Geaera and Speciei tranacribed 
from Miss Bllea'« Paper on "The Graptolite Fanua of the 
Skiddaw Slates," in the Quarterly Juarnal for AnguBt, 1898, 
Vol. Si. 

Fam. DiCHOCRAPTiDA (Lapw.). 

Qanng I. Bryograptue, Lapw. 



(b) Br. Kjerulji, Lapw. 

(c) Br, cf. CaUav€i, Lapw. 

Genoa 2. Clonograpttia, Hall. 

Sp. (a) CI. flfxilU, Hall. 

(b) CL cf. tenetlta, LinnanioD. 
(e) a. ap. 

OenoB 3. Loganograplue, Hall. 
Sp. L. LogattI, Hall : 

varioqs types 

Genna i, Ttmnograpttu, Nicb. 

Sp. T. mulliplex. Nioh, 

Genua 5. PUwrograptvt, Nich. 

Sp. PL vagana, Nich. 

Genua 6. Tyodtograptu*, Holm. 

Sp. Tr. diffvmi. Holm. 

Genna 7. Pterograpbn, Holm, 
Sp. Pt. «p. 



OenuB 6. SdazograptK), Nlch. 

Sp. Sch. ret'Kulatiu, Nioh. 

Sti. tardi/iircatiu, sp. dov. 

G«DDB 9. D^ehograpltu, Nich. 

Sp. Tr. /ragUit, Nich. 
Geniu 10. Dichograpttis, Salt. 

Sp. D. oetobraehiatut, H«11 : 
vsriona type>. 
O. Mparotui, ip. nov. 

Oenna 11. Telmgraplui, Salt 

Sp. («) 7-. fl;y»6st, HalL 

(b) T. cTucifer. Hall. 

(c) r. Htadi, Hall. 

(d) 7. penderu, ip. nor. 

(e) T. PotUethioaitu. sp. dot. 

(f) 7*. ^uoi^rtAracAiatua, Hall. 

(g) T. ttrra, BtoDgn 

G«iin« 13. PhyUograptvt, Hall. 

3p. (a) PA. Anna, HalL 

(b) PA. AngiuiyoUiu, HalL 
(0) PA. i^ifotim, HalL 

(d) Pft. , var. graadU nov. 

(e) PA. typm. Hall. 

OenoB 19L Didymograptiu, M'Coy. 
Sp. (a) D. affinU, Nich. 

(b) 2>. ii^jui, HiJL 

(c) Z). extenno, Hall. 

(d) D. fiMciulatui, Nieh. 
le) Z). ffiideruftw, Mich. 

(f) P. graeXs, Tdniq. 

(g) A mdoitiM, HalL 

Dt,...ib,Goog[e 
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(h) D. , vw. nanus, Hopb, ft Lapw. 

(i) D. Niehoiaom, Lapw. 
(k) D. imidvs, HbU. 
(1) D. patului, Hs.n. 
(m) J>. V-fraetut, Sslt. 

(a) D. V-/ractus, var. voltieer, H. O. Niolu 

Ganos 1*. Axygograptu». Nich. & Lapw. 
Sp. (a) A. Lap^Borihi. Nich. 

(b) A. e(de,h«, Lapw. 

(c) A. $uecicus, Moberg. 

Fam. SBtunuaiTUtM, Ropk. 
Oeniis Leptograptiu, Lapw. 

Pam. DiORANoasArac^, Lapw. 

Gonna DvxUo^aptut, Hopk. 

Sp. D. Titofftiteniis, Csrr. 

FsiD. Ddplogsaptid^, Lapw. 
QenuB 1. J>ipJo[^nipfu«, M'Coy. 

Sp. (a) D. dentaiua, Brongn. 

(b) D. UreUatcidtu, His. 

(c) D. appendimdaUu, Tdniq. MS. 

0«nai % Oiimacograptwt, Hall. 

8p. CI. Seharenbergi, Lapw. 

Q«nai 3. Cryptajraptae, LApw. 

Sp. (a) Ct. Bopkinmni, Nioh. 
(b) Cr. anltnnariat. Hall. 
(o) Ct. tricomit. Carr 
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Fam, QLf,ssooRAPTiD.«. Xjipw. 
Genua Giofsograpitie, Emmons. 

Sp. (a) £'f. ormattu, Nicb. 
(b) G^ ffinckni. Hopk. 

(o) Gi. jfmfiriotM, Hopk. 

Fam. BiTioumi.*, Lapw. 
OeDDS T'rt^owpmplu^, Nich. 

8p. (a) TV. en^rormH, HWl. 
(b) TV. iBnwo'oftM. Nich. 
Fftm. T 

Oeniu. Tkamncgraptiui, Nich. 

Sp. 7ft. Doveri, Nich. 

ANNKUDA. 

Numerous impreeuouB of worm tracks occur in the Skiddkw 
Slates, bnt, bo far as I know, no example of a fouilized worm 
luu been found. The impieEBione tbey have left in the elate 
aie well marked, and vary ia width from Ibrb than an eighth 
to upwards of a quarter of an inch, and it would aeem from 
those impressiops that, when crawling, they have wandered 
on in the winding, uncertain, and ipparentl; aimleas way, 
BO faithfully followed by their descendaata at the preaent 
time ; indeed, the worm tracks we see occauoDally on our 
pablio highways, after a shower of rain, are a perfect repre- 
aentation of the impreeeioaa left in the Skiddaw Slate rocks. 
And the annelid of the early Ordovician Age had, do donbl, 
ai important a task to perform as that claimed by Darwin for 
tbeir descendants of to-day. 

Impressions of a peculiar rayed body, called "Stella 
Scolites," which haa been referred provisionally to the 
annelida, ia met with ocoaaionally. It oonsiBts of a deprsBsed 
-eircular or oval-shaped disc, of variable size, from which a 



..Google 



13 

nnmber of raya proceed on svery aide. The r»yB »r« iwrrov,. 
but well roaaded >t the jnoctioa with the central disc, 
becoming broader and more flat at their eitremitieB; it ii 
probable that they were hollow originally, but their atmcture 
caaDOt be clearly determined. The diameter of the atellate 
body variei from one inch to eight or ten iochei ; and from 
the way in which the raya are lost in the matrix, they may 
hare extended beyond that which now appears to be the 
margin, or extent of the rays. The namber of rays also variea. 
I have had in my poeaesaion apecimena which show twelre, 
fonrtees, aixteen, and twenty-eiebt rays respectirely. The 
origin of this peculiar fosail ia very obscure, there is not 
sof&cient evidence to show whether it represent* the remaina 
of an animal or its action only in the mud ; bnt at it approaches 
very nearly to the form and structure of the radiating annelide 
bnrrowa, which may aomntimei bs aeea on our saady shores, 
it has been classed with the Marine Annelida. 

The ribbon-libe and thread-like markings, called "Clion- 
drilos and NematoUtea," that are fonnd associated with the 
Uraptolitea, and for which some palieoutologiats have claimed 
aa animal and others a vegetable origin, are probably the 
foB«ilized remaina of worm tubes. Chondrites sometimea 
aMomea a stellar form. 

list of Annelids fonnd in the Skiddaw Slates :— 
Woim mcki snd burtowi. I Arenicoliles. 

FBlxochoida mijoc. Mc.Coy. Scuiitis. 

,. midOT. McCoy. Hilminlhiles. Sail. 

ChoDdrilei acul-uigului. Mc.Coy. SuUi-KoliK^ ndialus. Etheridie. 
„ infonnis. McCoy. I 

CRUSTACEA 

Phyllofoda. 

Next to the Oraptolites, the moat numerous and peraiatent 

of the Skiddaw Slate Fossils is the bi-valred Phyllopod, called 

" Caryooaris Wrightii." Its romains occur in almost every 
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loulity »her« Graptolitea ore foand. It cooiuti of & imooth 
-oT&l-ihaped carapaoe, with ft dutioot hing* fine, one end is 
DBnally a little aarrower than the other. They vary in 
length from tbree-eigbthe to tbrae-quarten of an ineh. and 
BOme very laige Rpedmene taeuare ma incb; the width is 
about one-third of the length. The suifaca of the o&npaoe 
(B aometiiTies sli^tij wrinkled, bat generally smooth and 
glistening, sad tbe foaailized material, which is totally 
different from that of the Graptolitea, appears to contain a 
certain unonut of lime associated with a black carbonaceoas 
snbstance. 
List of Fhyllopod* found in the Skiddaw Slates ;— 
CATyocdm Wriflhtii- Suit. I Ceratiocuu? s^ Baily. 

TRILOBITA. 
X iinall number of Trilobitea (probably not more than thiirty) 
ha*a h«en fonnd in the Skiddaw Slates. These fossils are the 
remains of •ome of the early representativei of an important 
-order of extinct ocoetaoea, belonging to theenb-claas entcmioa- 
traca. They are fonnd only in palffiozoic strata, eit«nding 
from the upper Cambrian to the lower Carboniferous, The 
body of this erustaoean was protected by a well-develop«d sval 
■hell, the front portion of which covered the vital parts like a 
shield. This shield was divided longitadinally into three 
parts, the central and side pieoes often varying considerably 
in shape, and in their relative proportions, in different spedes. 
The sida pieces contained the ayes of the creature. The 
remainder of the shell was also divided longitudinally into 
three lobea, and consisted of a variable number of rings or 
-seguMnts, which were movable, beiog saffloiently flexible to 
allow the creature to roll itself up into a ball. In some 
■speoiss the segments gradually diminished in size to the 
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extremity of the body, and in others there wu ft oaudal 
shield, correspoodiDg more or lem io tnte ocd iluipe with the 
head shield. Trilobites were no douht soliter; in their habite, 
bnt posaeesed the power of moTJiig about freely from place to 
place ; their remaica foQod in the Skiddaw Slatea generally 
oocni: in isolated apecimene scattered widely apart. They 
Tary from a qaorter of ao inch to nine inches in length, and 
consist of prints or impresiions al the dorsal shell only. It 
is evident, therefore, that if the ventral surface of the body 
was protected, the shell must have been of such a fragile 
character that it has perished, together with the legs, 
swimming appendages, and iaterual orgsns of the CTeatnra. the 
dorsal shall alone being suffioienll; hard to retun its form 
until the mud, of which the Skiddaw Slate is farmed, became 
solidified above and beneath it ; hence, when the slate breaks 
np along tiie bedding plaaes, we find a oast only of the whole 
or a part of the internal or external sDrfaoe of the shelU The 
shell itself, which would probably be formed of carbonate of 
lime, has do doubt been dissolved and removed at a later 
period, leaving no trace whatever of the original material, and 
thns causing an additional liae of weakness in the slatu, owing 
to which the snbseqoent exposure of the cast is very often due. 
List of Trilobites found in the Skiddaw Slates ;— 



? Trinncrciii GibbiLi. 
New geaiu, not Duncd. 
fOn-RiaSelwTni. 

Banuidca ralcan, d.i.. PoKl. ■ 



Ip., nrKl' snd Goodcb.' 
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EXPLANATION OF PLATES. 



PLATE I. 
Fig. 2 — DichogTAptug iepantus, ip. dot. 
, , 3 — TetragraptDB cmcif er. 
,, 8— FhyllognptnB BQgaatifoliaB. 
„ 9 — Didjmograptni gibbemlna. 
„ 10— Ditto pBtnlua. 

„ 11 — Ditto muformis. 

„ 12 — Ditto DkDiu. 

„ 13— Ditto deflexni. 

„ 14 — Azygograptui BaocicDS. 

„ 15— Crjptograptua anteDn&rius. 

PLATE II. 
Fig. 1 — Bryograptu Kjemlfi. 
„ S — TetragraptUB Bigtbji. 

„ 7 — Pbyllograptni typns. 
„ 17 — EnrymetopuB HorriaonL 

PLATE III. 
Fig. 4 — TetragreptuB qnodribraoliiatUB. 
„ A— Ditto FostlethwaitiL 
n IB — CaryocBiiB Wngbtii. 
„ IS— ?01eDaaBp. 
„ 19— Cybele onU. 
„ 20— .^lina obtnaioaiidAta. 



M0LLU8C0IDA. 
The fosdl UollaBtm, like their living dsicendutti, wars aoft- 
bodied >nd posaeisad an eioakeleton. or Bhell, usuallf formfld of 
oaloueoiu matter ; and it ia impreuioni of thaae ahellB, or the 
fouilued material by whinh they were replaced, that hav« 
been left id the Toofci id which they occur. Thejr also 
DDdoobtedly had many, probably all, the internal and other 
organs poiieued by their liviog repreeeDtatlveB, amoDgst 
which are an alimentary canal, a nervona ayatem. cirriferoOH 
arms and tentaclsa, and in some epecies a heart and respiratory 
organi. Some were attached to foreign objects by a long 
muacular peduncle or gtem. and others were entirely fi-ae. 
The BrachiDpoda, the order te which moat of the Shiddaw 
Slate fosail ahelle belong, were amongst the lowlieat membera 
of the molluacan aub-kingdom, bnc they wore an important 
claasin point of nnmbers, and in the persietency with which 
they held their ground in the great battle of life. They came 
into eziatence at the very dawn of life, in the Cambrian Age, 
and attained their maximnm in the Silnrian Age, whioh has 
aometime* been called the age of the Brachiopods. Xnmerons 
genera and species are, howerar, found in strata of more 
reeent age and, although about 2,000 species have died oat, 
there are nearly 100 living in oar aeas at the present tim& 
The genus " Lingula" baa been the moat persietent of all the 
Brachiopods; the remains of this genua are lirst found in 
Cambrian Rocks, but they are also found in every sacceading 
geological formation, and the little creatnrea areatill liring in 
the sea at the present time, almost unchanged. In this 
respect they differ widely from the Oraptolites and Trilobitei 
with which their remains are associated in the Sbiddaw 
Slates: the two former speedily succambed, but the Lingula 
has muntained its positdon in a Diarvellons way in the face of 
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all its enemiel. It appeara, however, to be slowl; but aarelj 
dying out 

FoBiil BbelU are aitremely icarcs in the Skiddaw Slate 
Bocka ; indeed, the whole seriei hu probably not yielded 
more than a score speoiiaeiie, although a diligent aearoh ha* 
been kept np for many years by a namber of zealous and 
anthnBiaatic cntlectoTS ; hnt wime have no donbt escaped 
detection became, like the Trilobttes, most of the ipecimena 
are casts only, and, being of the same ooloar aa tbe slate in 
whioh the impraanion occnn, are not likslj to arrest the eye 
of a colleotor, while others are so diminutive that they san 
scarcely be seen without the aid of a lens. The few specimena 
that have been obtained, consist of a single dorsal or ventral 
valve (in one or two only do we poMsss bobh valves of the 
same individual), in Bome cases it ia a cast of the iatenor and 
in others of the exterior surface ol the shell which has been 
preserved. Although the materials are so scanty they are not 
unimportant, as they prove that the Braohiopods and other 
ahell-fiah, whose remains were foasUiied in tbe Skiddaw Slatea, 
differed in some points from all known species, and thus invest 
with additional intereat the ancient Ordovioian Rocks in 
which they occur. 

The ibells that have been found in tbe Skiddaw Slates 
were fignrtd and described by the author in the first edition of 
this little book, and oa ihey ore tbe remains of the moat highly 
oigauiaed creatuies that lived in the Ordovicisn Age, it is 
again considered d esirable to describe them in greater detail 
than the lower organisms described in the preceding pages. 
Fortunately the author had the privilege of submitting some of 
the specimaus to the late Thomas Davidson, and they were in 
«wh case pronounced by him to be new species ; on these, 
therefore, he felt justified in bestowing names in the first 
edition, and now proposea to give names to all the remaining 
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•peoimeu that thew say dutinctiTa festarea. Tha fouUs 
lutve bsBD carefolly drawn by an experienced artiat, and mra 
in moat oaaei enlarged nbout four times the sctaal size. (See 
pUtM4and S.) 

Ordse, Mollubcoida. 

Class, Braohiopoda. Pam., lingulidge. Genus, Ijngnla. 

Liitg^tla Brtvi). — Fig. No. 1. Shell small and rather flat, 
broadest near the middle, and obtusely ronnded anteriorly ; 
marked by concentric linea of growth. 

Length 3/16ths and width 1/Sth of an inch. 

Locality, Onterside, abont toar miles S.W. from Keswiok. 

CarUale Mueenm (Harkness Collection), 

In the first edition of this book, this ebell was named Lingala 
Donaldii, bnt since then the aathor has aacertnlned that it was 
figared and described by the late Thomas Davidson, as Lmgula 
Brevit, in the Palceontograpbical Society's Joarnai, Tol. XIX., 
page 60, and plate 3, and the author feala anre no one wanld 
wish to disaent from his deciaioa od any point respecting the 
Fossil Bracbiopoda. 

Lingula Carlioli. — Fig. No. 2. Shell almost a perfect oval 
in shape, 3/16tha of aa inch in leagtli, and l/8th of an inch in 
width. It is flattened at the base, but well louuded towards 
the beak, and shows clearly marked lines of f;rawth. 

Close to this ahell, on ths aaine fragioent of slate, are both 
valves of a smatlar, probably an immature specimen of the 
same species, bnt so poorly pteaerved that the artist baa not 
reproduced them. 

Locality, Oaterside. Carlisle Maseam(BaTkiieas Collection). 

Lingula Hughesii. — Fig. No. 3. Shell very flat, an elongated 
oval in shape, 7/16 of an inch in length, and l/4tb of an inch 
in width, well rounded at the base, bnt sharply pointed at tbs 
beak. Lines of growth distinctly marked. 

Locality, Outertide. Woodw&rdian Museam, Cambridge. 
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I have Darned tbii Blie]l after Mn. T. Mo,K. Hughes, by whom 
it WM prMcated to the MaBaem. 

Litijiula Daiii.^Vig. 'So. 4. Shell almost ciroalar id ihape, 
bat Bomewhat pointed at the beak, length l/4th of an inch, 
width nearly the same. Clearly marked lines of groivtb. 
Close to this shell there is an impression, probably of the other 
T«lre, hut not so well preserved. 

Locality, Onterside. Woodwardian Museum. I have named 
this shell after Miss C. M. Dale, by whom it was presented to 
the MnMom. 

Lingula Baniierdaiii.—'Fig. No. 5. Shell almofrt circular in 
ahape and very flat, about l/4th of an inch in diameter. 

Portions of the delicate Bilicious shell ore well preserved, 
and show concentric lises of growth. 

Locality, Bumerdale, about one and a half miles N.E. of 
Blencathra summit. Carlisle Museum (Harlcness Collection). 

Lmguia HarknRaai. — Fig, No. 6. This is the veutral valve of 
* very beautiful little Lingula. broadly ovate in shape, rather 
([ibboDi, beak aocumioate, front obtusely ronnded. Fine 
concentric lines of growth discernible. 

Length 3/l6thB and width 1/Sth of an inch. 

This shell partly overlies another, probably the dorsal valve, 
and close to these are both valves of aootber individual, 
apparently a Lingala Brevie, bat not so well preserved. 

Looality, Outerside. Carlisle Museum (Harkness Collection). 

Lingula ffowardii.^-Fig. No. T. Shell broadly ovate, well 
rounded in front, tspeiiug poetoriiirly towards the sharply 
painted beak, shows fine aoocootric lines of growth. Posterior 
aide convex, flattened towards the front, with a distinctly 
flattened rim nearlj all round the margin of the valve. The 
beak and posterior portioa of the shell are in a good state of 
p wo rvation, being bright and black, bat the surface of the 
middle and base have beeu partly worn away. 
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Length 9/20tlu and width T/SOtha of an iach. 

Locality, BuMothwaite Sand Bedt, near Ravanstoite. 
British Maaenm (Natural Hiitory), Cromwall Road, 3.W. 
Poitlethmite CoUeotion, Etcg. 16365, 

Miu Howard (aow Mn. Leyboarna Popham) was living at 
Raveaatons, and waa preBeat when this ahell was found bjr 
the author, therefore, it haa been named after her. 

Lingula Derwentii. — Fig. Nu. S. Oblong, aub-pentagonal, 
aides atightlj roUDded, tapering posteriorly towards the 
aoaminate beak ; front nearly etraight. but sli^btly dspreiaed 
in the middle, a narrow flattened rim eitends along the sides 
and base. Extremely fine lines of growth are visiljlii: on the 
ftont and aides. 

Length l/4th, width 3/16thB oE an infib. 

This specimen repreaenta a cast of the interior of the ventral 
valve of a very beautiful Lingula, which is named LiTtgiUa 
Dertnenfii, after the author's son, Derwent, who assiated and 
took part in many fossil hunting eipeditious. The unusnally 
large muacnlar impression is well preserved, and attached to 
the beak there ia a portion of the peduncle, in on exceUent 
state of preservation, and nearly l/8th of an inch in length. 
This shell was sabmitted to the late Thomas Davidson, with 
other specimens, and he prononnced it to be a new apecies of 
LingnJa. It occurs in the midat of a namber of specimens of 
Didymograptns patulus and Caryocaris Wrigbtii, which are 
fossilised on the same stab of slate. 

Ijocality, Randel Crag. British Museum (Natural History), . 
Postlethwaite Collection, Reg. 163S7. 

Lingula, sp. probably Lingula ifrfBU,— Pig. No. 9. Shell 
elongated oval, nearly l/8th of an inch in length and 1/16th 
of an inch in width, ronoded in front, sharply pointed at 
ths beak. Lines of growth discernible. Speciuien poorly 
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Locality, East of Dodd Wood, Ds&r Eeawick. Woodwardian 
Mugenm. 

Linguta Afarrii. — Fig. No. 10. Shell aioall, ov«tely trigonal, 
convex, well roaoded in front, beak obtusely pointed ; marked 
by concentrio lines of growth, every fourth or fifth being more 
proDoanced Ulan the interrening ones. On one BiHe there ii 
a conspicuotiB angle, enclosing a slightly coacave area. Length 
1/lOth of an inch. 

Thi« beantiful little shell was found by Mesari. J. E. Marr 
and A. Barker, at EoUows, 4^ miles south-wpst of Keswick; 
they obtained it from the hardened Skiddaw Slate, close to ita 
junction with the volcanio rooks of the Borrowdale Series. 
Tbe sliell is in an excellent state of preservation. 

Woodwardian Museum. ■ 

Liagnla Chrislophersoni.—Fig. No. II. Shell pod-shaped, 
elongated, hinge line slightly concave. 

Length 1 inch and T/20chs, width ia/20ths of an inch at Uie 
widest part, and 6/20ths at the narrower end; in thickness 
it meaanres nearly l/4th of an inch, the valves being closed. 

Some portions of the outer shell have disappeared, and the 
HDrlace in these parts is smooth and blaok, but in other parts 
the silicions fossilized shell remains ; there are no lines of 
growth or marks of ornamentation visible. I have named 
this aheU after my fnend Mr. Charles Christopherson, by 
whom it was found. 

Locality, Barf. The specimen is in Mr. Christopherson's 
collection. 

Lingula Bonneyi.—'Sig. No. 12. Shell ovate-oblong, slightly 
concave at the beak, more flattened towards the front, beak 
obtnae. Surface (interior) smooth to the naked eye, but 
nnder a lens shews fine concentric lines of growth. Exterior 
anknowo. 

Length i an inch, and width nearly 3/Sths of an inch. 
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< Tbu it k bwntifal mnd my periact Bpecimen, tha delicate 
■iliciouB shol), with its pole bine tint, beiag in an ezoellent 
•fatte of preaervBtioD. In ah&pe it «pproschM very oloaelj to 
L. Brtvu, Portl., bnt a much larger th&n any known apeciinen 
tA that Bpeciea. Thig aod other apeaimena were iinbmitted for 
inipeotian to the late Thomas Davldaon, and he pronounced 
it to be a neir apectea of Lingula. This shell ia named after 
ProfesBor Bonoey, who waa with the author when it was fouTid. 

Locality, Baaaenthnaite Sand Beds. Britiah Muaeum 
(Nataral HJatoiy), Pcwtlethwoite CoUectlou. Beg. 163M. 

Lingulo Hoarii, — Fig. No. 13. Shell aomawbat imperfect 
in outline, but when complete, maat have been slmoat a 
perfect oval in shape, it measures 6/lOthB of an inch in length 
and3/IOtba«f an inch in width; welt rounded towards the 
pointed, projecting beak, but more flat towanla the front. 
There is a broad flattened rim eitending right round tb« 
ahell, except where the margin ia incomplete, and the foaailized 
sUicioDS ahell (interior) is well preaerTed, and ahowa the tinea 
of growth distinctly. 

I have named this fossil after my friend. Miss Edith Annie 
Hoare, of Leamington, who has rendered valnable service in 
making drawinga for both editiana of thia book. 

Locality, Baiaeathwaile Sand Beds, British Mnaeam 
(Natural History), Poatlethwaite Collection, Reg. B. 16368. 

LingtUa Brevis.— Pig. No. 14. This shell is almost a perfect 
oral in shape, altghtly poiated at the beak, from which to the 
front there is a distinctly raised ridge, and parallel td it on 
each aide there is a series of longitudinal linea ; coQcentrio 
lines of growth are alao discernible. 

Leogth 3/16the and width 1/Sth of an inch. 

Locality, Outerside. Woodwardian Muaeam. 

Thia ahell was found by Frofeasor Nicholson, by whom it 
was presented to the Uusenm. 
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On ths ume fragmaut of ilate thsre ii another ahell, almoat 
oironlar in ahi^ie, nearlf 3/16thi of an inch in diwnetsr. The 
■hell ia convex, almoat gibboai, and ihowa what aeem to be 
eoDOentria lines of growth, bat very indiitinctly. 

IHteina ■ Tig. No. 16. Elongated otal, poBt4nor 

portioD partly conrsE, flattened towards the front- 
Length 3/8ths, and width l/4th of an inch. 
Locality, Shap. Woodwardian Museum. 

Gists Pteropoda, F'am., Hyaleidn. QeanB Connlarift. 

Ctmularia Devtri. — Fig. No. 5. This shell wag examined by 
the late Thomas Daviilaon, and was by bim pranoanced to be 
a new species of coanlaria ; bnt, aufortnnately, pertioos of the 
SQrface bars been weathered sway, and most of its digtinotire 
featnrea have been lost ; the oone, however, eihibiti the 
longitudinal divisions and finely striated aarface in a fair state 
of preserration. 

Length 7/SthB, aad width 3/Sths of aa inch. 

Locality, Brunitook Scar, below Ratidel Crag. Wood- 
wardian Maseuio. Dover Collection. 



METAMORPHISM. 
In addition to the alteration caused by lateral pressure, large 
areas of Skiddaw SUte have been qtetamorphoaed by contact 
with, or proximity to, intrnsire matiea of igneous roclc. The 
amount of alteration around the larger muses uf graaite, 
graoophyre, micro-granite or quartz felaite, doterite, diorile, 
&,c., is Tery variable, while the slate around the smaller bosses 
and dykas is often very little altered, la many places the 
slat* ia traversed by large numbers of veins «id strings of white 
opaqne quartz, and it is generally much hardeued along the 
■ides of the veins and where the strings are numerous. 
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Tbe moat intareiting eiunpls of metunorpbum in the Skid- 
daw 31kta area occurs around tha fikiddaw Oranita. Than 
■re three eipoMir«a of granite : a small one in Sytuog Gill, in 
the Glanderaterra vallf;, fthout five milei from Eeawiek, mA 
two larger mauea in the Calden valley, 0D« nearly a mile, and 
tbe other abont two milea to the north. The umi metamw- 
phosed meaiuiea about liz miles from east to weat, and fira 
miles or moi e from oortb to aoath ; it is so eztansivc compared 
with the size of the eiposares of granite aa to leave no doabt 
that there is a large development of tbe latter beneath Sbiddav 
Foieet, which has not been laid bate by denndation. On 
approaching the metaTDorphoaed »rea by way of tbe Olendera- 
terra valley, tbe tiret indication of cbaoge obeervable in 
the slate is the appearance of small nndeveloped crystals of 
cbiaetolite. Procfeding in the direction of the granite, the 
white crystals of chiaetolite become larger and more numerons, 
meBBUring, irhere they are belt developed, npwarda of au inch 
ID length. The chiastolite slate puses into a bard, massive, 
foliated and eODOrouB rock, of a darker coloar, called epotted 
(or andaliiaite) schist, in which dark oblocg spots take the 
place of cryatale of cbiaetolite in tbe former, and more or less 
andalueite is present. This rock has been much need in tha 
manufacture of eete of Muaical Stones, for which it is peculiarly 
adapted. A small muticat instrumentof this kind may be seen 
in the Keswick U uaenm of Local Natural History. Proceeding 
onward, the spotted gchiet gradually pasaea into mica schist, » 
brownish granular, foliated rock, containing a considerable 
quantity of mica. This rock ia in contact with the granite. 

The following are analyses of tbe Frarioaa rocks, irom 
unaltered Skiddaw Slate to Mica Schist, according to J. 
•Clifton Ward. 
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M«,of.w. 


Chiuto- 


'IS.'S' 


MioSchiiL 




SkiddawSlale 




IrooiiBactioo 










wilh Gnnil. 




Rmi'i^c iot 




SUddaw 




8Uic» 


How Gill. 


HowGilL 


For». 


SyntagGill. 


60102 


65 7^6 


M-448 


63-174 


Alumina 


17*51 


14'1S2 


2S'93D 


24-460 


Lime 


J-400 


1178 


1-2B8 


■ ■S12 


M»gne«a 


2144 


2 '342 


2 379 


1-948 


Potwh 


3^32 


3-261 


3-010 


5-037 


8od» 


4 099 


1-981 


2-088 


2930 


Farrons oiids 


7747 


7-306 


8 683 


8-634 


Ferric oxide 


■494 


trace 


trace 


■246 


Bilraphide of iron 




trace 


reoi 




Phosphoric .oid ... 


■2B4 


trace 


■086 


■128 


aulphnrio«dd 
Owbonic Acid 


■147 


■29< 


trace 


trace 


tnce 


trace 


trace 


tnKie 




-528 


2 035 


■792 


■717 


Water 


2-372 


1693 


1-298 


1-216 


100 000 


100 «» 


m<m 


100-000 



THE VOLCANIC SERIES OF BOBROWDALE. 

The volcanic series of Borrowilale coDBiiitg of a raat accnmula- 
tioD of bedded vojoanic asheB interatratified in some parte with 
sheets of lara. It attains a thickuesn of from 10,000 to 12,000 
feet, and oconpieB an area of about 400 equare milei. Tbia 
area is bounded oa the north and north-west b; Stiddaw Slate, 
eicept where it abuts against the Buttermere and EnnerdaU 
Granophyre. The aouth-weatBrn boundary is formed partly o£ 
Permian Sandstone, partly of E^kdale Granite, and partly of 
the Skiddaw Slate of Blaob Combe. On the north-eaat it ii 
socceeded partly by carboniferoui limestone, partly byconglo- 
mcrate, and partly by Skiddaw Slate, and the soath-weetem 
margin is formed of Coniston Limeatona. This area oontaini 
■cTeral lakes, some of the highest monntains in England, and- 
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the moat v>rigd aud beautiful scenery that can be foDiid in the 
Britiihlilei. 

The beat wotioii of lavas asd a«he* to be found in the whole 
area ocean on the eaatam ahore of Derwentwater, ezteoding 
from the margin of the lake to the aummit of Bleaberry F«1L* 
Ilia obetrveT thould eiamine tlie fint portion of the section, 
from the purple breccia at the base, to No. Glava, a little abova 
tbe level of tbo top of Falcon Crof , aaceoding by way of Cat 
Qilt, which Mpatatea that rock from Walla Crag. Above tha 
top of No. 5 lava, there ia a long itretch of iwampy groond ; 
therefore, in order to i«e the reit of the section with greater 
advantage, it will be necesaary to tnm due south, and walk 
about half a mile on the same level; tfaeo (DRiing eaatward 
again, aecend aoroas the edges of the remaining beds to the 
aummit of the mountun. 

The iBTaa, of which there are twelve distinct sheets, are 
uoatly very bard and compact, of a^reyorblniahgreencoloiir, 
and ofteu contain crystals of altered augite, ftamet, and other 
minerals. Some of them are very much jointed and break into 
angular and splintery fragments. The sheets differ greatly in 
thiclmass, varyiDg from fifteen to one hundred and fifty feet, 
the upper and under eurface in each case being more or lees 
vesionlor and cinder-like, while the remainder Is massive and 
compact. No. 6, however, differs considerably from the resl^ 
being extremely vesicular throaghont; but the vesicles, in this 
case, have been filled with quartz, calcite, and a dark-green or i 
black earthly mineral, the product of decomposed angite. | 
Small bat beautiful specimens of agate, camilian, and jasper 
are frequently obtained from this lava. It is easily recognised 
• features, and may be traced a coDsiderable 



■This seclion is veiv fnllv ducribrd in Ihe "MEmoii of Ihe Gctlsor gf On 
MonhenPa[Corilie£[i(li>hIalicDisDici,"bythcLatc J. CliftsoWuit. 
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Siufile sheet! of lava maj alio be aeen a little (o tbe eaat of 
Stanah, in St. John's Vale, and at the back of Lodore Eot«l, 
Borrowdale. The form sr cod taini nnmeroiu oryitats of aafpte, 
but the latter, wbioh ii rerj compact, coutaina do cryitala that 
are viiible to the naked eye. 

The following is an analyate of a typical lava. No. 6, in the 
Falcon Cr»g (ectioa : — 

Silica 60-718 

Alnmina ... ... ... 11-891 

Lime ... ... ... fi-4H6 

Uagit«aia ... ... ... 1-909 

Potaah ... ... ... 2-354 

Soda ... ... ... 2-M3 

Ferrona oxid« ... ... 6 '426 

Ferric acid ... ... ... 1405 

Bianlphide of iron ... ... -395 

Phosphoric acid ... ... 281 

Snlphnric acid ... ... -103 

Carbonic acid... ... ... 1-660 

Water and Carbonaceoui matter -9£4 

100-000 

At Eycott Hill, near Benier, about ten mitet north-eaat of 
the Falcon Crag section, there is a seriaa of lava flow*, 
interatratified trith some tbin beds of aih, much smaller than 
the latter, but one of the lava* ia the haDdaomeRt rock of ita 
claaa in the I^ke Diitricl It consiite of a general porphyritio 
base, containing dark-green spots, and large crystals of felspar 
(plagioclsse), many of them an inch in length. For fall 
description of this lava, see Professor Bonnej's paper "On the 
Oocarrenoa of a Mineral allied to Enatatite in the Ancient I^vai 
of|Bycott Hill, CnmherlaDd," in the Oeotojpcai Magaane tor 
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FsbnuTj, 1S85 ; and for & dssoriptioD of the whole Miiei, 
Ber J. C. Ward's p&per in tbe Tranaactioivt <tf Che Royal 

Mieroicopkal Society for 1877, p. 239. 

On the naTthem and iiorth -waster a margiii of the Skiddav 
group of mount&inB (the Caldbeok rouge), there ia another 
■ariei of lava flowl, interatratified with beds of ash, extending 
wMtward, M A belt, from the north-eutero aide of Carrock to 
near Cockermouth ; they attain their greatest development to 
the north of the eastern end of Great Lingy, where they 
measnre abont 3 mitea across tbe strike of the beds; to the 
■iiDth of High Ireby. the wiiltb is IJ miles ; and westward of 
that point tbey vary from i to | of » mile in width. Ooe of 
the lavas, which ia exposed uearWhitefield Lodge, a little to the 
Eorth-wCTt of Overwater, bears a very striking resemblance 
t'l No. C lava of the Falcon Crag seriee — indeed, it can scarcely 
be distinguiahed from that rock. 

There is also, od the southern margin of the volcanic ansa. 
a series of thin sheets of lava and ash, extending from Sbap to 
a point a short distance north-west of Coniston, namrly, the 
Shap andesite!! and Shap rhynlites,* The andesites consist of 
more or leas vesicnlar lavas, probably made up of a successioa 
of comparatively thin flows, interst ratified with ashes and fiae 
agglomerates. 

Therhyolites anosist of lavas, compact, and often of a6inty 
appearance, eorae are laminated, and others coarsely nodular, 
and associated with the lavas are a series of rhyolitio ashes 
and breccias. 

Tbe beds of ash and breccia interatratified with tbe lavas of 
the Falcon Crag section are very variable, in some the particles 
are sofiae and the rock so compact as to be scarcely distingaish- 

* "The Sbap Grsniie. and ihe AasociaUd I(ncous and MeUmonihic 
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able from Ura, wbiht othen are vary ooane, oontainiilg 
Damecous tra^enli of the >ize of walnata, and Mine mash 
larger. In colflar they nnge from dark-green to light-gr«y, 
or Bometimee purple. 

Small fiiaares aad oavities in both brecoiai and aihes haie 
b«eu filled with chlorite, eddote. qaartz, calcite, and other 
mineiak. 

TheaebaBaDd breccias compose the largest portion, probably 
nina-tentha of the rocka of the Tolaaaio Berieii they are alike, 
ia being; formed of materiaU that have been (jected from 
volcanoes, bnt differ with regard to the eise of the fragments 
tbey GOntaio. The uh. properly bo called, varies from a roalc 
containino: fragments of thssiie of walnuts, which is considered 
a very coarse ash, to a rock formed of fine impalpable powder. 
Breccias are of all degrees of coaraeness, from rocks formed 
ohiefly olfragmsnts about the sizs of walnuts, to those in which 
they measare five or six inches acnws ; bat there ie one locality 
oa the north-eaat of Raae Brown, near Sourniilk Qill, where 
the breccia contains huge blocks several yards in diameter. 
Id both caane aahes and breccias the fragments are generally 
angular and uuwnra at the edges, bat iu some rare instances 
tbey ara water-worn like a cocglomerate. In colour the ashes 
and breccias vary from dark-green to light-grey, or aometimeB 
purple. The green tints, which are very prevalent, are due 
to the presanoe of chlorite diffjsed thrungh the rock, in a 
greater or less degree, the red and purple tints being due to 
hematite. 

There is generally more or less stratification discernible in 
the ushea, shown in some oaam by clearly defined bands of 
tigitt and darker oolonr, and in others by fine and coiner 
nuterials. These altematiDg beds or layers of finer and 
ooarser ash ore often very irregnlar, some layers thinning out 
and othera thiabening ; and occasionally very clear examples of 
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ftlie-bedding M« BMO amongit the BDer varietiea. Sometiiiiaa 
« aingle fragment of older rock of oonaiderable size, aho wing all 
its origiaal atmctare, may be aeen embedded in a mass of 

The materiala of which the coaiaer aHfaea and breccias ara 
formed, coDBist chiefly of fragments of older aahea and lavas, 
but in the purple breccia, at the base of the Falcon Crag or 
Bleaberry Fell tectioD, which, in that locality, is the oldest 
visible member of the volcanic aeriea, there are nameroiia 
fragmsnta of altered Skiddaw Slate. The fine a«h ha* no 
doobt been formed of the aams material aa that which a som«- 
timea ejected Bo copiously from modem Toloanoes when in a 
state of activity, and which is merely lava reduced to powder 
by a Bucceuion of violent eiplosioQBof steam and gaa; indeed, 
the aehea, breccias, and lavas of the Borrowdale Series afiord 
abundant, evidence in their structure and composition that 
they were derived from a simiUr sourcB, and in a aimilar 
manner to the beds of recently-formed volcanic ejectamenta 
which may be seen anrronndlng tbe cone ot an active volcano. 

All the rocks of the volcanic series, as welt as the anderlying 
Skiddaw Slates, have been subjected to great lateral preBsare, 
caused in all probability by the shrinking of the earth's cruat 
iuoooling; aad this pr«Bsare, which acted in a N.G. andS.W. 
direction, baa produced cleavage in a greater or iesa degree in 
nearly all the beds of both these formationa, by cauaing them 
to expand in a direction perpendicular to that in which the 
pressure was applied, the particles constituting tbe rock being 
flattened and re-arraaged during the process, with tbsir longer 
axis in the direction in which the expansioa was made. Thia 
change in the stmctnTe of the rock causes it to split readily 
acroaa the old planes of stratiflcation at a more or leas obliqne 
angle. Cleavage is very highly developed in some ot the beds 
of aah and breccia, while in othera, with which the highly- 



36 

ol««T(d b«di u-e in contact aboTs Bod bfneath, it is Tuy 
imperfect. This diOFTcDcs ippeuB to be doe in HOlne out* to 
the liner qaalitjt of the material of irhich the highly-clsaved 
beda are formed ; hot it is not alwavB bo. becanse the beds that 
are made np chiefly of tine material! are not uniform throngli- 
ont, bat have in tfacm, here and there, portiona that are verj 
coane, and in thcte coareer pottioui the dearage is often as 
perfect aa «here the material is of the finest quality. From ' [ 
these beds of highly-cJeaved Mh and breccia, large quantities ] 
of beOiiitifnt and very durable roofing slats are obtained. 1 ' 

It was about the middle of the Ordorician Age when the 
great volcano of Cvmberland burst into activity, and it con- 
tioned discharging ita lavaa and ashe* at intervals, spreading 
over a period of from three-qnartera of a million to one-and-a 
half millions uf years, according to J. C. Ward's ooDipntation. 
Mnch of the materials then thrown ont have since been Kwept 
away by the varione denuding agents which have acted npon 
onr lake and mountain district since the close of the Silurian 
Af e, but enoDgh still remains to cover an area of about 400 
square miles, and to show that its original thickness must 
haTe been from 12,000 to 15,000 feet. There wer« probably 
several centres of eruption, some of which may be deeply 
baried iMneath materials thrown out at a later period. One 
or more of these centrea may have been situated in the 
neighbourhood of Ambleside, and another at the lower end of 
Thirlmere, while the IsTae and aahes of Eyoott HIU, and the 
narrow atrip of voloanio rock which runs through the range 
of Caldbeok Fells, show that othera enatsd somewhere 
between Eycott Hill and High Pike. But one of the most 
important waa no doubt dose to where the town of Keawiok 
now stands, and the position of its vent is marked by the bees 
of Castlehead. In the clifta of Walla Crag and Falcon Crag, 
close by, there is the beat development of lava flows to be 
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toniid in the diatriet, and the oousMt braooiaa, fonaed of laoh 
ipn^ nuteialt m wovld fall amt tb« vent from wMch thej 
weN «iaoted| ooonr within tmrny distuioe from it ; indeed, thera 
upptttn to b« a«nola«i*e evideiUM th&t thia centre wsa in a 
state of aotinty, mora or leu, daring all the earlier part of 
tiio Tolcanio period. The dykes, and iiolated masua of diorite 
and dolerita whioh oocar on W;thop Felt, Hindaoaiib, and 
Swirral Edge, in Langatratii Valley, at Hotlovra, Lingholm, 
Cockahott, and EYiara' Crag, w«ra probably fisnirea farmed by 
coDvnIsioDa during aome of the emptiong, iato which lava 
welled up from beneath, and gradually oooled in that poaitioa ; 
or aome of them may be neoki of minor canea. The stratified 
oondition of the ashag, together with the preaenoe oF aedimeD- 
tary bedj near the ba«e of the roloanic neciea, and the absence 
of these conditioni in the middle portion, indicate that 
Toloanic action commenced beneath the waters of the 
Ordovician Sea, and that as BDCcsBaiTe layers of lava and aah 
were piled ap, a gradnal change took place from ■ub-marine 
oonditioDB to those of a terreitriat and wholly anb-aSrial 
character. Towarda the close of this period the great 
Cumbrian volcano must have reached the size of modem Utna, 
or it may have exceeded it. Etna rises from the sea to tt 
height of 10,B40 feet, meaanras 87 English miles in eircum- 
ference. and bears on its broad shouldera 200 minor cones in 
addition to the great central one. Some of the minor oonea 
reach a height of TOO feet, and are in reality miniatnre 
Toloanoes. This vast accumulation of volcanic materials nt> 
doubt affords a fair representation of the ancient Cnmbrian 
rolcuio, as it woald appear at the time when its fires were 
finally extingnislied. 
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THE CROSS FELL INLIER. 

On the veatvrQ Kjde ot the Crou Fell nuge, there ia ko 
inlier of lower p&lgeozoic rocks, extending u a narrow htkoA of 
from half-n-mile to a mile in width, aod abont aiicteen miles id 
loDgth, and in & geoenl N.W. and S.E. direction, from Lime- 
kiln Beck, > httle to the north of tbe village of Mvltoerby, to 
a shatt dintauce south of Lycnm Sike, on the eoath-western 
mde at Boman Fell. 

This ar«a is boDndul by two great faalts, the Outer Pennine 
Fault on the western side, and the Escarpment Fanlt on the 
eaatern side ; the displacement caused by the latter brings 
the Lower L'arboniferons rocka against Lower Palieozoicstiata, 
whilst tfas former plscea the Lower Palseozoio rocks against the 
New Hed Sandstone. Moreover, the inlier, between theaa 
faulta, is abo divided longitudinally by a third fault, the 
Middle Pennine Fault, by wbioli the Higher Ordoviciao and 
SililTian strata, on the western aide, are brought against the 
Lower OrdoTidan on the eastern side. 

The eaitam portion of the inlier ia compoaed entirely of 
Skiddaw Slate, except at the northern end, where there are 
■CTOral dykes and intrDsive masses of igneous rock. The 
westom, or that portion of tbe tulier lying to the west of the 
Middle Pennine Fault, consists of Upper Ordoviciao, Lower 
Silurian and Carboniferous strata ; the Coniston Grits, 
ConiitoD Flags, Stockdale Shales, Coniston Limestone Serie^ 
and Eycott Hill Series of volcanic rocks being piesent. This 
half of tbe inlier ia much broken np by a set of N.W. and 
S.E. faults which cause repetition of some of the beds. The 
■nrfacs configuration of tbe Cross Fell Inlier, is diveraified by 
the oecnrrence of a aeries ot more or leu conical hills, locally 
Mlled fakes. 



Tha aediiDBabiry Hid oalcarcoai roeki of tho kK* hBT« 
yielded fouiU in great abnaduice. 

The lollowiDg u u list of apeoieslltrkDacribed from Profnwr 
NIoIioIbod'b "EsMy oa the Qeologv of GumberUnd Md 
Westraorlaad ; '' — 





m"u''f* 


PiCnA lub-dup 
Stenopom filiiosi 


"cok 


toEl''bi'fo^ 


"M 



HodiolopKLS orU 
Ptcurorhyiicus s 



Holope 



McCoy. 



Hht 



BcUerophon 

Cbpmalopoda. 
OnlwCEiu Brongniuti. Traoa. 

Tentaculiiis >nnuluui. Scblol. 

CllUSTACKA. 

AgnoAIUl tnnodLi&r SaII, 
Beyrichiaco 



Clym. 

lllUDU 






, Sail. 



THE DRYQILL SHALES. 
There U ftlio bd isolated patch of fouiliferous ■edimentary 
■late, or ihale, hemmed in amonget the volcanic rocks of the 
Caldbeck mountains. It ia exposed in Orfgill, between 
Carrock and High Pike, and coDstata, in the apper part, of 
light drab' colon red shale, ooataining a few ill-proaeired 
braohiopoda ; below this ii a mass of intlDSive igneous rock, 
which decompose! when exposed to the weather. Tbii again 
ie nnderlaid by a aeries of dark, almost black, madstoaei, 
crowded with foaails, which ue io a fairly good state of 
preserration. Stilt deecandiog, the dark foesiliferoaa ehalis 
KM Men rasCing upon a aeries of Toloanlc rocka, congiating ef 
breooia intentratifted with bands of micro-granite <a qnarti- 
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feliite. Tbeae rooki diffor from tbe 1*vm sod Mhos of the 
ordinary type, in being nearly white, iastead of the unul 
greeniah grey colour. Bsneath the rolMoio bedi there in 
another tnaee of dark foasilifeorouB sliales, cnntaiaing large 
namberf of brachiopodi and trilobitea. 

This eerie* of ahalee, with their foaeil cooteutu, are folly 
deecribed. together with the adjacent rock^, in a paper 
pubtished in the Geological Magaxhn for August, 1S87, by 
Professor H. A. Nicholson and J. E. Marr, F.G.8. 

With regard to the atratigraphioal position of the DrygiJI 
Shalee, the authors of the above-mentioned paper consider that 
they are yonnger than the Upper Skiddaw Slatea, and older 
than tbe Coniaton Limesloue. their fauna being very Bimilar 
to that of the Dnfton Shales, which form part of the Cross 
Fell InUer. 

Tbe following is a list of species obtained from the Drygill 
Shales:- 

Ampyi TofltntDS. SkiTS- 
CalTmcnc ambrcD&'i. Sail. 
Lichfl^ lacinbrus. WahJ. 
Sc^Ei"' MurcluBoaix. MuFcb 



THE CONISTON LIMESTONE SERIES. 
The Ccniaton Limestone consists of a dark-greyish blue hard 

and compact timestcne, in wbtch tbe calcareous eleoient is very 
poorly developed ; it is also leas jointed than most tocks of its 
kind. The limeetone is a good de«I mixed op with cleaved 
shales, some of which are calcareoua. On tbe eastern aide of 
Kentmere therf is a bed of contemporaneoas feJspathic rock 
of a reddish colour, interstratiSed with the beds of limesboue 
and shale; some of the latter axe also mixed with volcanic 
asbea. The whole of the beds, which are aomewhat irregular, 
make np an avenge thickness of about three hundred feet. 
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The 4?0Duton Limeatone formi & bmad stretohiilg acioaa th« 
Lake District, from Milbm, by Brovghton, Coniiton, ajid 
Low Wood (near Ambleside), acrou the Talleya of EeDlmere 
and Long Sledd&Ie to Waadale Crag (near 8hap), irbere it ia 
partly ont off by the granite. It i> again aaen on the oppoait« 
aide of the Sbap O-ranite; then paaaes beneath the conglomerate 
and carboniferouB rock» to re-appear once more at Eeiiley, 
wbera it forms part of the Croaa Fell Inlter. There is atao a 
■mall eipoiare of Coniston Limeatone iu the FamoBi Diitrict, 
near Daltoo. where it hai been brought np by anticlinal fold. 
In the Lake District it overliea the racks of tbe Toloanic 
aeriee with perfect conformity, dipping to the S.S.E. at high 
angles. In some places it ii much disturbed and shifted by 
fanlta. Altboagh there ii do want of conformity between the 
Aahgill Shale, the uppermost bed of the Coniaton Limestone 
Series, and the eaperiacumbent strat*, there is complete 
diacordaoce between tbe fossil remaina fonad in them ; there- 
fore, it is at this point that the line of diviaion betweeu tbe 
Ordovician and Silurian tyatems is placed.* 

The Coniiton Limestone is no doubt the equiralent of the 
Bnla Limeatone in North Wales, the same cbaracteristic fossils 
being found in each of them. Subjoined ia a list of species 
obtained from the Coniaton Series, copied from ProfoBSor 
Nicholson's "Essay on the Qeology of Cumberland and 
Westmorland :"— 

A(m«ozo*, 

galy!.?!?'cl«nXi"'. Lin 
voiiHl crsua. McCoy. 
poLjrmorpha (f) 



„ npillau. McCey. 

Faluapon imemiiKta. WiU. 



„ tabuliLUL. LonHt. 

,. iub-dupLicxU. McOir- 
SUBopora fibrnco. Gold. 



'QxaTtirtf iemmal, vol. 4 






Brtozoi. 

Rctepoift Hi^ngerL UcCor- 
FcDHtellK nuiinilu. Loud. 



Atiypa marginii 



McCoy. 



vu- c fitucostflU. McCoT- 
CAlligramma, Dalm. 
criapA. McCoy, 



„ fLept»i»)deLU>idiM. Conn 

vu. b. Undati. McCoy. 
„ (Onhi>) e^nsa. Sow. 

„ pecHTi. Linn. 

„ rhomboidalJB (LaptBDn). 

h dtprc5». Dalm. 

., soSiferoi^es. McCoy. 



Lavbllibrahchiata. 
QattuiofOda. 



Cbpbalofosa. 



BcHINODEKH ATA . 



nib-iindulatum. Ponl. 
po^um. McCoy 



ca adodIuos. Scblol. 



D5-,z,t.b,Goog[e 



Auphu (■•ouliu) Po 

Murch, 
Beviidtut iinMiEalata. 
CKlymeiM bicv-dpLUI 



scUviftoni. McIDot) 
nucraaiEus. Mulct. 



(nbofL Eichw. 

iiiL Sill 
MopimjuH. McCoy 



Fhuspi (PortLociili) ai 
Sail 



Primilu McCoyi 



mSS^o 



IGNEOUS ROCKS. 

ESKDALK OBAHITB. 

This is the largrat expotare of granite in the Lake Diatrict, 
ooTerioK sD area of abont thirtj-fiva aqunre milw. It is 
gvuerallj rather coane, bet !□ lome parts fins grained, and 
ooDBiita of quarts, contaiiiing aumerooe liquid cavities, triclinio- 
and orthncla^e felspar, aod dark-brown mica. The felspar is 
more or le» impregnated with hematite, which giras a reddish 
tint to the rock, and that tint is mors apparent on a weathered 
surface than where it hoa boen recently fractured, ,aB tha 
hematite, when liberated from the decomposed felapar, epreada 
over the whole face of the rock. There ia, however, a small 
area near WaberChwaite, where the hematite is altogether 
absent, and the rook being fioe grained and light-grey in 
colour, ia verf like Aberdeen Qranita. There are three 
small isolated eipognrM of granite which are probably con- 
nected with the Bskdale maaa, DBmely, at the foot and at the 
head of Waetwatar, and at Bummoor Tarn. The two former 
are fine graiaed, and the last rather coarse, but all have tha 
t«ddish tint which characteriaes the Eskdale Oraoite. 
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Shaf Obahitk. 
Oa the opposite margia oE the Lake Coaatry tbare is » muoh' 
■mallet bat more intereatiag aiposura of granite, Iti litho- 
logical aharacter, iti occurrence at the jaDctiou of the 
CoDistoa Limeatone witb tbe Toloaaic Series, and the con- 
clnaive evidence it affords of the action of giacierd, give to it 
an importance that cannot be claimed on behalf of any other 
granitic mass in the Lake District. Whure unaffected by 
metamorphio aotiou, tbe Shap Granite is one of the most 
beautiful rocks in the British latei ; the bue consists of grains 
of white fetapar and oryatalliae quartz, iutsrmixed with 
nnmeroas grain* and crystals of black mica, and large oblong 
crTitala of piok felspar (nrthoaUse), The latter are oFtea of 
gigautio dze, and form the distiagaiahing featare of the 
granite. It ia admirably anited for ornamental work, bnt- 
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'irhen Dead in the rough at&te lor bnilding parposos it doea not 
appMT to adTtotage. 

The granita ia greMy metamorphoied whan it comes isto 
aontkot with thaannoanding rocka, tha ktter aleo being maoh 
ftlterad. To tha wast of Waulale Crag, near Seals Bead Farm, 
it ma; be aeania contaot with the Coniston LimaBtone, and 
it ia here altered to a diatance of Hft; jarda from the jnaotioii. 
Advancing towarda tha joaction, the Kranite gradaall; becomes 
doM grained, and the large oryatala of pinlt felspar disappear ; 
further on it pasaea into a compact pink felatone, and tbi* in 
torn ia changed into a grejiiah cryatalliDB rook which is in 
contact with the limeatone. The latter retains its bedded 
strnoture, bot is altered, in some places, into a crystalliiH 
marble, nod in others into a granalar rock composed of 
alternating bunds of white carbonate of lime and brown 
felspar, the heat of the granite whan erapted baring separated 
and altered the oonstttatenta of the limestone. The calcareona 
' shales, which overlie the limestone at tbia point, are also 
greatly altered. On the sonthem side of Harrop Pike, where 
the granite comes into contact with tba uppermost beda of tha 
Volcanic Series, the latter are changed from bedded ash into 
a finely foliated rock arranged in alternating bands of pink 
and white. 

Tbe snrface of the granite ba& been ronnded and grooved bj 
glacial action, and coantleaa numbers of fragmentB. both large 
and small, have been borne away by moving ice, and diatri- 
bnted over the whole country to the south and aaat of tha 
parent maas. Some of the fragments have been conreyed 
■cross the Pennine Chain to a distance of sixty milea from 
their original home, tbe distinctive character of the rock 
rendering them easily recognisable wherever they may b« 
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Seiddaw Orahtte. 
A UDftll nun of Skidl&w Gnntteii aipoied iaSyiuDgOill,. 
near the baae oE Btencatbroi, ftnd a largar mui at the upper 
end of the valley of ths Cjlileir ; there ia alao ■ third eipoinre 
» little lower down the coLirae of that river, wtiich iioaaoeoted, 
OD its norlbem margia, with the igoeoaa rocka of Carrocic Fell. 
The granite is oompoiad oE white opaque feUpar (both 
orthoolaaa sad triclioic), dark-brown or blacic mica, and 
qaartz containing nnmeroua liqaid caritiei ; alio a few graina 
of magnetite. In aome part) it ii Gue grained, and in otheni 
coarsely cryatalline. The more or lass clear quartz, dark mioa, 
and opaque white or aometiinea oream'Caloured felapar, 
produce a unfficiently atriking and rather pretty effect when 
the rock ia poliahed. 

The largest ezpoanre meainrea about a mile in length and 
half-B-mile in width. There ia little or no appearance of 
change ia Che granite at or near the jaactioii, bat the orerljing 
atate ia extenaivelj altered (see page 27). The granite ia 
Byning Gill is very hard and oompact, bat in the two northern 
ezpoenrea it is soft and crumbling ; they are all alike, 
however, in crystalliae atractnre and iniaeral composition, 
and the ssveral sxpomree doubtless form portiana of a oon- 
tinaous mau, which extendi over a large ares, at a verji short 
distance beoeath the surface. If deandstioti had made a little 
less progress, the Skiddaw Granite would still have been 
buried, and its preaanco indicated only by metamorphism in. 
the superincumbent slate. 



The following is an 


Boalfsta 


ofthia 


graaite 


;~ 


Silica 








75-223 


Alttmina 








11-140 


Lime 








1-62* 


Magnesia 


... 


... 




1-081 


Potash 








4-516 



Sodk 

Ferrom oxide 
Farrio oxide ... 
Fhoiphorio acid 
Snlpburio kcid 
CMboTiio Mid 
Carbontoaoui mat 
Water 



100-000 



BUTTBBIIBBX AHS EkNBRDALB GsANOPHTBK. 

Thia magt of granophjre oocapiea a large area, exteoding 
fiom Butteimere on the uorth to Wastwater od the south, » 
diatance of nine milei, and for a great part of the diatukce 
forma the boundary bntween the Skiddaw Slate and the 
Volcanic Seriea. The graoophjre it generally of a pale red 
oelonr, sometimee obanging to dark-grey, and i* fairly Doiform 
in] appearuioe. It conaiBtB of pink felspar (plagioclMe and 
orthoclaae), transparent quartz, dark hornblende, chiorite, and 
a little mica. Ueually it ia very hard, but on the monntain 
top* it cnimblea into a coarae aaad. The following is an 
analyaie of a BpccJmeu of thia rock from near Scale Force : — 
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ST. John's Mickoorajjith or Qi^artz Felsitb. 

This rook ocean in two nuBaea, occupying both aides of the 
lower end of the VaJe of 3t. John. Each of theie masaei 
meuilrei about a mile from north to aonth, and from half to 
tHree-quarteTa of a mile from eut to vest ; they are emcb 
bounded on the east, vest, and north by Skiddaw Slate, and 
on the south by the Volcanic Seriea. It is probable that tha 
great f&alt, which aeparates the two formations, may have 
been the channel through which the material* of these maaaea, 
aa well la the Bnttermere and Bnnerdale Uranophyre, welled 
up from bsDeath in ■ mo!t«n state ; not to the surface, but 
into huge caverni formed in the Skiddaw Slate by folding 
and crumpling, caused in all probability by the earth mova- 
menta which prodnoed tbe fault. The liquid cavitiea in the 
quartz show that the microgranite aolidified under great 
preaaure, and at a considerable depth beneath the surface. 

The microgranite conaista of orthoclase, miuroliae and 
oligoolase felspar, quartz, caloite, and schorl, also some epidote 
and serpentine ; part of the laat named haa probably replaced 
mica. The colour is generally grey, but in some places it 
aaaumea a reddish tint. The rock is generally well jointed, at 
at Shnodraw and Threlkeld quarrisB, and frequently containa 
large fragments that are much a]t«red. It may be examined 
under the moat favourable conditions at the latter quarry, 
where large quantities have beeu excavated for road metal, 
setts, and kerbing, for which purpoaea it is welt adapted ; and 
it may al«o be aeen in contact with the Skiddaw Slate at the 
eastern end of the quarry. Close to the janction, the 
microgranite ia slightly altered in appearance, and beeomea 
mora brittle ; the slate is also hardeDcd, and contains irony 
spots. The microgranite in the qaairy isof a light-grey colonr, 
with oocaaional patches of a reddiah tint. Tbe crystals of 



qnartz and (elipu* »re encloied Id a Eeliitio bftie, ftad th«r« mv 
ocosionalljr fsn-shapad oi7«t>la nf tohorl, Tha oUgooltue, 
whicli ia maoh alterod, u of ft jellnwiah green oolonr. 
CryitelB of blende and galen* have beaa fonnd ia some of the 
joint*. The followitig u an analysia al thii rock : — 
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Arubdth Dtkb. 
This dpke ii a microgranite, being preoiiely the lame in 
ohemical compositioD as the 3t. John's Micrograoi te or Quartz 
FeUite. It ii a very bewitifal rook, oonusting of a dull red 
felsitic bate, studded with aamerous oryatali of pink felgpar 
and transparent quartz, also a little serpentine, and ocoaaional 
grains of graen miua. The dyke is from twenty to thirty feet 
in width, and extends inaN.tT.W, andS.S.E. direotion aorou 
Armboth Fell, where it may be traced for ■ distance of abont 
one and a half miles. It appears agaia on the oppodta lido 
«f the valley, near the seventh milestone on the road from 
Ee«wiak to Ambleside, Mid extends in a S. E. direction beyond 
the crett of Helvellyn. 



HoRNBLEKin Picsm or Ltitlb Khot. 
This i« a ooaraely erjatelline rock of & dark olive-gieen 
coloor ; it is largely composed ol hornblende, bat the following 
roineral* are alio preBsnt in small qaaotitiea, namely — qnartz, 
felapar (plagioclasa), iron peroxide, epidote, apatite, oliyine, 
and calcite. It occnn in an oblong nuae, about 1,600 feet in 
lengtb bf 120 feet in width, and extends from IJttle Knot, at 
the northern end of Longsids, down nearly to the bottom of 
Barkbeth Dale. Thnre are Bome gigaotia blocke of this rock 
on the opposite side of the ravine, nearly on a level with the 
main mass at Little Knot, but tbey rest on Skiddaw Slate, 
and do not appear to be connected with any body of picrite ia 
sita. Tbe slate near the picrite is a good deal altered. 

Thk DioBmc PicBTTE OF Whitk Hacse and Gkeat 

COCKCP, 

Thi* rock ia vary nearly allied to the horableude picrite of 
little Knot ; it is exposed on both tides of Hanse Gill, which 
separates White Haiise from Great Cockup. The exposore 
on the former meaiara from 38 to 45 feat square, that on the 
latter monntain being somewhat smaller. The two masses are 
about one-third of a mite apart, and are doabtlesa connected 
beneath the tiU which forma tbe floor of the little valley. 

The dioritic picrite is a coarsely oryatalline rock of a dark 
oliTe-grean colour, consisting of several varietieB of hornblende, 
alio quartz, felspar, calcite. serpentine, iron peroxide, and 
probably a little apatite, ilmenite, and viridite. It is some- 
what difficult to prove from microscopic examination that 
□liviite has been a constituent of the rock, aa it is much 
altered ; bnt Professor Bonney thinks it is represented by 
some of the aerpentinoua mineral, and that the rock may be 
regarded as one of the transitional forms between normal 
picrite and normal diorite. 

i 
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The tmooot o( •Iteration obtervable ia the nicks sairoDnd- 
iog the ilioritic picrita, aa the reinlt of oontaot with it while 
iu a molten atate and dming the prcHseaa of cooling, ia larger 
than that obaerTable at Little Knot. 

8a LB Fell Minbtt*. 
At the kommit of Sale Fell, there ia a minute patch of very 
beantiful rock. It conaiat* of ■ pink cryataliine felapathio 
baae, in which there are aumeroua cryatala of d>rk>green mica. 
The baae is chiefly composed oE orthoolaae, but aome triclinic 
felapar {ia also preaent. There ta no quartz visible to the 
naked eye, but aoiall cryatals may be detected ucder the 
microacope. There ia alio a little hornblende preunt. The 
rock is very hard and tough, and in lithotogical character ia 
unlike any other rock in the neighbourhood. 

losaous Roasa or Casroce Fell. 
On Carrock and the adjoining mountain. Great liogy, there 

ia a aeriea of igneoul rocks, ooasiHling of (a) granophyre, (i) 
gabbro, and [c) diabase. The granopbyre ia a ooarsaly grained 
rock, very hard and tough, and of a pals red or browniab- 
grey colour, with a number of grsenlih Crystals, which show 
a spherulitic structure, soattersd through it. The gabbro ia 
generally ouaraely crystallioe. but aometinies fine-grained. 
The base of this rock consists of large cryatala of opaque white 
felspar (plagioclase) and iuteratitial quartz ; and throDgh it 
are scattered cryatala of dark olive-green dialtage, which ia 
very nearly allied to hypersthens; also occasional grains of 
maguetite and apatite. Liarge blocks of lava of the Eycott 
Hill aeries are here and there euclosed in the gabbro. The 
diabase is stao coarsely crystalline, of a dark green colour, and 
ilt some parts shows distinct Hues of bedding. 



51 

Thr laHRons Bocks at Seatollkb Fbll. 
Oq SeitoUer Fell, BorrowdiJe, tbere is a dyke of diorite 
lying between two mruaeB of intrnaiva diab&ae. The masses 
of diabase together meunre about Ihrae-qaarten of a mile ia 
length hy about a quarter of a mile in width. The rock is very 
compact, and of a datk-blue colour ; it consiati of a feleitic 
boae, in which there are crjitala of triclinic felspar, quartz, 
aDgite, and auma maguetita. The diorite, which is much 
altered, is made up of numerous amsll oryatals of felspar, 
faotnbletide, magnetite and chlorite. The dyke ia about one- 
third of a mile in leogth, and forty or fifty feet in width. It 
is in connection with thcaa maesea of blue diabase, the dyke 
of diorite, aud the adjoining ash rocks, that the rich deposits 
of graphite have been found. The uh all round the igneous 
rocks is much altered. 

GABNltT-BBaBING KOOKS OF THB VoLCANIC SeRIBS. 

These rocks attain their greatest development beneath the 
banded sahes of Scawfell and the adjoining mountains, aud 
CKtend in a narrow band, from on?'and-a-half miles to two 
miles in width, from near the head of Waatwater to Dnnmail 
Raise, and in a narrower band, from Scawfell to the upper 
part of Lacgdale valley. They also occur in aocther area 
around and to the west and north-west of Hawetwater. The 
rook ia jjenerally of a greenish or greyiah colour, with », 
compact baaain which crystala of felspar and augite ooodt i in 
some places it appears to pass into ash, and ocoasicually into 
breocia. The gameta, in some loonlities are small, and very 
sparsely scattered, and in others they are numerous and of 
considerable size. Formerly these rocka were ragardsd as 
coutempuraiieoos lavas and ashes, but Messrs. Marr and 
Harker consider that the evidence, on the whole, pointa to 
the iotmaive character of the moat of them.* 

* ProcHdingi Geological Association, VoL XVI., page 477. 



Castlehiad, Kkbwick. 

Tbia DIMS of dolerite, •Ithongb not remukabls for beaat;, 
is in loma rMpeats ooe of tbe moat iatereitiiig of the igneoni 
rooks in tbe neigbbonrbood. u it probably reprenalB tbe Uat 
ezpiring effort of tbe great Cambrian volcano, which on that 
ocoaaion aucceaded only in raising tbe lara part of tbe waj up 
the vent, where it aolidiiied, and at aome period, long after- 
ward*, beoame ezpoaed through tbe removal of the cone hy 
denudation. 

The rock ii highly crystalline, and ii composed of augite ind 
pale-oolonred felapar, with erystala of a soft dark green paeudo- 
morphic minsrsl, in wbiok both serpentina and chlorite afe 
present. Small veins of qnartz and calci to occur in it; also 
flakes of brown mica, and some magnetite. Nearly all the 
mineral conatituenta of thii rock have been either replaced or 
altered. 

In addition to those alrsady described, there are amall bosiea 
and dyke* of igneons rock on Skiddaw Dodd, Seathwaite How 
(near Embleton), Wythop Fell, Hindscartb. Bnrtnes* Combe 
(near Battermere) Swirrsl Edge. Helvellyn, Langstr&th in 
Borrowdate, near Troutbeck, and on Matterdale Common. 

STOCKDALB SHALES (Lowkr Silurian). 
On the south-east, tbe Coniaton Limestone ISeries issuoceedad 
coDforoiably by a belt of highly fossiliferouB shalee measuring 
from 250 to 400 feet in tbicknes*. which were variously named 
by the earlier workers, "Conlaton Flags," "CnniBton Mnd- 
stooea," and "Oraptolitic Mudatones," but since tbe Oeologioal 
Bnrvey Memoir, bj Messrs. W. T. Aveline and T. McK. 
Hugbe*, was iaaued in 1873, they have been known by the 
name of "Stockdale 3bales," that name having been given to 
tbem by the authors of the Memoir, becanaa they attaiD thnr 
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fnllest development in the conns of Stockdale Beck md it* 
tribntaries. lu Ma;, J8SH, aver; nble and eihanetiTs Paper, 
on these shaleg and tbeir foesil ooDtenti, wu read betoie the 
Qeological Society by Profe&aot Nicholaon and Mr. J. E Matr, 
F.G.S. lQvart4frl}/ Journal, vol. 44, p. 654), and in this Paper 
tbe beds vere clueified aa follows : — 



rDpper Browgill Stage. 
Lower 
M-{ Upper SI 



Stockdale Shale Seriei-I Upper Skelgill Stage. 
Middle do. 

\_ Lower do. 

These stages are father enbdivided intoaeenes of zones, and 
deaciibed, with lists of tbe fossils the; contain. The Browgill 
Beds are well exposed in Browgill, a tributary of Stockdala 
Beck, and a splendid eection of the Skelgill Beds may be seen 
on the banks of a small rivnlet, which rune into WiDdermere 
Lake, a few yards south of Low Wood Hotel. On the 
Ordnance Maps the rivntet is named Holbeck, but it ie better 
known amongst geologists b; tbe name of Skelgill Beck (ao 
called from the (arm of High Skelgill, near its bank). 

The belt of Stockdale Shales, measured across tbe strike of 
tbe beds does not average more than from one to one and a 
half miles in breadth, aod extends from tbe DuddoD eatnarj 
to Shsp Fells, where it disappears beneath tbe baeement bed 
of the carboDtferouB series. It re-appaars again, however, 
near Knock, in Westmorland, as part of the Cross Fell Inlier. 
There is also another exposure of tbe Stockdale Shales on the 
eastern side of the Dnddon estuary, near Dalton-in-FDmess.* 
The shales vary io colour from pale-green to black ; some of 
the beds contain considerable quantities of iron pyritas, and 

■AuodBtxI wiih the inHEi of ConiMaa LinieicoM and Stockdalt Shals 
n«ar Dalloa, tbtn ii ■ small patch of Sliiddaw Slate, vi<l a Uttic to the 
Donb a nartsw strip of aliertd valonic aih. The amount ol displactmcol 
required to place tbe» rocki, especially the formcT, on a level with tbe 
St&idale Sulcs. ojut have been very great indeed, probably from ig,Doo 
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th« rook ii mach ibuDod owing to the deoompoiitian oE the 
mineral. The man highly foMiliferona beds are crowded with 
organid remains, whilein othsnthsy srecompantiTsly loarce, 
•nd lome ore qaite barrao. 

The foUowiog tg a lilt of Eouill obtained from tbe Stockdale 
ShalM, tnoBoribed from tb« Fap«r by Profenor Kicholion 
and Mr. Marr; — 
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L1& leptolhoca. Lapir, 



SaS 



McCoT 
EDiIs. NIcb. 
L L>pw. 
Kutck. 
k Hopk. 

"Nich. 



Nuoli. Hukn. 
Clinfui Cun 

HuiDff«ri, Carr 

diiuiis. PorlL 
crapai. L«pw. 



iLatu. BjLtr. 
ou^ L-p". 
□lenos. Nich. 

Swuutoqi- Lftpw- 
iitSler. 



"n^ai""'- 



DLplogiApl^it iiaoal 



Korck. 




HaqKl uiEuslUH, EL Ip. 

Oil'yinsDe BlumeDbachii. Bl«lEII.I 
Whiifieldii lumida. DilrnT 
PelucuU ■p^chcddos. Salt 
AptychofHu LanwnrtbL Woodiv. 
Ampv' nlonEEndt, n. ip. 



The gnptolltei ia this list are altogether different from 
tboae obtained from the Skiddaw Slatai, the msDy-branche.i 
fonna, and, indeed, tiearlji erery ipeciai foand in the older 
tocka haring disappeared in the iaterral between the 
depoaitioD of the npper beds of Skiddaw Slate and the lower 
beds of the Stockdale Series. 



EXPLANATION OF PLATE VII. 
Fig. ]— MonogmptDB crispiw. 

triaognlatns. 

gregarins. 

cyphna. 

lobiteraa. 

jaoBlnm. 
8 — Diplojfraptna veaiQaloins. 
9 — Olimacograptna nonnalis. 
10— Baatrite* perigrinna. 
11 — Fatalograptns folium. 
12— Orthia el^itutala. 
IS— AoidaBpaa erinaoena. 
14 — Prot^ni braohypygns. 
IC — Atrypa flexntwa. 



CONISTON FLAGS AND (iKITS. 
Lower Silorii!! (Wbnl^ce iJERiaa). 
Tbe Stockdale Shales are iocceeded od the Boutb^eiat by the 
CoDiaton Flag* anil Grits, which attnin a total thickneea of 
aboDt 6,800 feet, aa stated by Meesni. W. T, Avelioe and 
T. McK. HughRi, namely, 2,S0O feet of flags and tower grit 
beds, and 4,000 feet of upper grita, the beds beiug Bomewhat 
thinner on the eaaterii side nf the district. The flags andcrits 
occupy two aeparate areaa — one where they succeed the 
Stockdale Shales and older roeka, in regular order, between 
the DaddoD estuary on the south-west aod Shap Fells on the 
dotth'eaat ; and the other where they occupy the high ground 
around iHowgill and Laogdale Fells on the east side of the 
Lnue, and on Orayrtgg Common and ^^ hinfell Beacnn ou tbe 
west aide of the Lune. There is alto a consiilerBble area of 
Saga and grits in the northern part of Furnesa. 

The flaga conaist of dark-blue laminated sandy muiietonei, 
which split into moderately thin flags, u here the cleavage is 
well developed. The lower part of the flags has yielded a 
coasiderabie quantity of graptolltes, trilohites, and encriaitei, 
hut in the upper beds fossils are eomewhst scarce. 

The grits consist of thick beds of tough grit or sandstoae, 
interstrtitified with flaggy beds. They, too, have yielded a 
cooaiderable number of fossils, one bed near the base being 
remarkably prolific. 

The following ia a list of fossils obtained from the Coniston 
Orits, transcribed from the Memoir of the Geological Survey, 
by MeMTs. W. T. Avetine and T. McK. Hughes :— 



OrthlB LeiTlsli, var. Hii(beUi. 1 

achonella niTleiiia. Sow. 
Ducali. Sow. 
SpiclEsra crlBpa. Hcalnc. 

„ eLentt. Dalm. 
Ctrdloh 



MoLoHlla gr 
BcUerophoD 



.gan». 



Cjnogr«pius Murchijoni. Ca 

BANNISDALE -SLATES AND KIRKBY MOOR FLAQS. 
IJppiB RiLUKiAN (Ludlow Skbiis). 
The Couiatan FIftgi and Orita are iDoceeded on tb« loath 
and south-eaat by rocka of the Lndlaw formation, oompriaiiig 
beds belongiu)! to both the lower and upper divuions of that 
■eries, namely, the Bannisdale Slatei and the Kirkby Moor 
Flags. They attam their greateit development between 
Kendal and Kirkby Lonadale, where they mewnre abont 
eleven miles aorow the outcrop of the beds. Thia area ie 
bounded on the north by the Coniaton Orite, OD 
the Luna Valley Fault, and ou the aouth and wc 
iferoua limeitone. The Upper Lndtow Roaka n 
beneath the limeatoDe in a narrow atrip on the c 
Kendal Fell, and there ia an outlier of the lame rook, 
extending in a narrow band fromabontthree-qaarteraof a mile 
north-west of Stavele; to Borrow Beok, near Hollowgate. 
"Hie Banniidale Slatea (Lower Ladtow) ooneiit obiefly of aandjr 
nndatonei, interetratiRod with bade of grit and thin bands of 
hard aajidatone. Rough aud inferior slates are aometiniw 
obtained from these beds, bnt they rarely yield eveuatolraabU 
quality. The madstonea are, howerer, aitensiToly qiuuried 
for paring and building stona, and for rough ilaba. Tba 
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Kirkby Moor Flagg (Upper ^Lndlow) coDsiat chisfly of thiok 
beds of hard concretionary sandatone, inMrgtratifled witk 
th'nner bedi of fine-gntinad miooceoui landitoae of a fl*ggy 

FoBBila are icarce in the Bannisdale Stitea, bnt are reiy 
plentifal in tbe Kirtby Moor Flaga. Snbjoined ia a liat of 
■peciea obtained from them, tnmMribed from Profawor 
Nicholion'H "Essay on the Geology of Cumberland and 
Woatmorlaod" : — 

Protozoa. 

Sponganum cqul-airialum. McCoy. I Spongariuni lalemptum. McCoj.. 
ACTINOZOA, 



BiUCHIOFODA. 

Chonetei lata. Von. Buch. I Rhynconella aaidcnla. 

, , suiata. Sow. Sipboaolroa anifTica. 

Ungulii comen. Son Stiophomena filou. 

Oiibli lineala. Sow. I 

La kbujbrajichi it a. 
AnodontopKlaaflfuMlfrDOB. Uc 
baSa. UcCoy. 
ttecurilormli. McCoy- 




inulala. McCoy.. 



HiTXBOFODA. 

.... . _ _ ]«, I ConuluU lutKilli. Salt, 

Cannlailacaacellata. Sandbsrgec. I Tbeca Forbssii. Shup- 



Cefh&loposi. 

ilea (hoTiotusI ibei Sow. Orthocer 

loceni uiiuLatum. PhilL 
bacuItfonDe. Salt. 

'! <ii™i<liMiini. Sow. 

:eru)ibfi. Sow. 
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CARBONIFEROUS ROCKS. 

The Lake DiBCHct is almoBt Burrouaded by carboniferous 
■trat^ exteodiiig in a. continuoiu belt from Egreniont od the 
weat, aroand the Durtberu and eaatern margin, to logletoQ on 
the Boutb-east, theuoe in detached pstcbes to Silecroft, on tho 
we«t«rn side of the Dnddon eatnary ; the remaining twenty 
'miles being the only importsnt break in the circle, and id that 
fKictioD it 18 probably coatinuouB beneath the new red rook. 

The rocks which compoee this belt of carboniferons strata 
may be grooped under the following divisions, in descending 

(Coal Messares. 
Millstone Grit. 
Yoiwdale Series. 
Carboniferous Limestone Senee. 
Lower Limestoiie Shale Seriea. 
Basement Conglomerate. 

These divisions are not cootiuuoDs, and they vary very mnoh 
in their development at different points. In the Whitehaven 
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dirtrict, the wbole aeriea hu an ucert&insd thiokneaa of 3,078' 
f«et, M atated by Mr. J. D. Ksadall, F.Q.8., namely, catl 
meunrei 3,078 feet, milletone grit 155 feet, Yored&le lerieg 
640 feet, garboniferone limeetone 228 feet, and lower limaatonc 
■hale 77 feet. In Furoeai there U, according to the lanie 
anthor, an uoertained thickness of over 2, 4S1 feet, aa folloira; — 
Yoredale series 744 feet, carboniferoita tioisstone 950 feet, lower 
limestone shales 720 feet, and basement conglomerate about GO 
feet, the coal measares and oiillstons grit being absent. And 
at Blencow, abont fonr miles west of Penrith, the Yoredale 
■cries meunres 525 feet, carboniferous limestone 136 feet, and 
the buement conglomerate, although its actual depth at this 
point has not been proved, is no doubt of great thickness, 
seeing thit at Mell Fell, five miles weet of Blencow, it 
measures about 2,600 feet, making a total in this area of 3,160 
(«et, the millstone grit and coal meiuureg not being represented. 
The conglomerate was f jrmerJy elMsed aa Old Red Sand- 
atone, bat it has been shown by ,1. Clifton Ward, F.G.S,, and 
oth«r workers, to be the basement bed of the carboDiferons 
series. It attains an abnormal development between Mell Pell 
and Fooley Bridge, where it measures about three -aud-a-half 
miles across the strike of the beds, the total thickness being 
aboat 2,500 feet as before stated. The rack conaigts of a 
matrix of indurated clay or sand, in which pebbles of all aizaa 
are embedded, and occasionally Urge angular blocks, as mnoh 
as three feet in length. A lar^te proportion of the included 
pebbles are compoaed of gritty and micaceous sandstone like 
the Lndlow Rocks, but there are also some of ash, trap, and 
altered Skiddaw Slate. At 8hap, the conglomerate measures 
less than twenty feet, and in Fumesa it is abont fifty feet in 
thickness. 

The varioos beds of limestone, sandstone, and shale that 
were piled upon the conglomerate, and that now (orm the' 



'OarbonifsraaB lerieB, are verj persiateat, extending over Urge 
xretti muiy of them being recognisable by their miner&l 
obarecter, aod the politioD tbejr occupy io tbe aeriea. 

The Lower Limeetoae Shalea, which rest upon tbe baaemeat 
-conglomerate, era made up of a aeries of thick bada of dark or 
black ahale, intentratified with thin beda of limeatone and limy 
tbale. Nearly all the ahalee are more or leas catcareoos, and 
.utOBt of tbe limeatone is impare and eATtby. 

The CarboniferouB Limeatone coneitta of thick beda of lime- 
stone, icteratratified with thin beds of sbala and aonie aand- 
atone. One af tha beds of limestone in Furaeas attains a 
thickness of nearly 400 feet; one at Parkhead. near Caldbeck, 
200 feet ; and one in the Cn>sa Fell Range, 130 feet. 

The Ynredale Series coDsiaC of thick beda of black and drab- 
colonred shslea, interstratiSed in the lower part with beds of 
limestone, and in the npper part with beda of aaudatone and 
acme limeatcae. 

The Millstone Grit compriaea all the atrata between the 
nppermoat beda of the Voredale Series, and the base of the 
■coal measures. It is largely made up of beda of aandatone and 
grit, with occoaional beds of shaleaadsome very t bin seams of 
ooaL a small quantity of coal ii occasionally obtained fiom a 
thin seam in the millatoae grit on the western margin ot 
Oreystoke Park. 

The Coal Meoanrea conaiat of the asaal alternations of sand- 
atone, grit, and shale ; also, seams of coal and some thin beda 
of limestone. They occur in three sreaa an the margin of the 
Lake Diatrict, namely, the Cnmberlaad, the Ingleton and 
Barton, and the Argill coalAelda. The Cumberland coalGetd 
stretchea along tbe weatem coast, from Barrowmouth, near 
Wbitehafen, to Maryport; and thence, trending eastward 
aronnd the base of the Catdbeck monntoioa, to -High Hall, 
-abont three miles south of Wigtoa. This narth-eaatem pro- 

1 ...A.ooglc 



kuigktioii of the coalfield ii no doubt dne to two graftt lioet of 
fault, both of which have ■ doirnthtow to the uorth-irect. 
The Boathern ooe outa off the carboniferons hedi and bring! 
in the cubI meuurei aloog k iiae » little north of PlumbUnd, 
Torpeahow, and Boltoo Q»te, to and bej>oud High Hall. Th« 
northem fault eitendi from a point a little north of Bolton 
Low EouBaa, by Aspatria to Usryport, and fomu the boundary 
betweeo the coal meaaurea and St Bees Sandstooe. 

The saperiioial area of the Cnmberland coalfield is about 
100 aqnare miles, and, where it attains ita greatett vertical 
developtoent, near Wbitebaven, there are five workable team* 
of coal, varying from two to eleven feet la thickaeia; theM, 
added together, give a total of aboat thirty feet of coal. There 
&re alao several thin aaama that ore too amoll to be worked 
profitably. At Whitehaven, and also at Workington, coal 
mining operations have been extended a considerable distance 
beneath the Solway, and large qaantitiea of coal obtained 
therefrom. The beds are very mnch broken np by faulti, 
which cause displaoemeut varying from a few feet to twenty- 
five fathoms. The general dip of the beds ou the coaat is 
towards the west, at a gradient of about one in ten, bat iu 
the north-eastern portion it is towards the aorth-wnat. 

The Ingleton and Burton coalfield does not eioeed one-fifth 
of the superficial ate* of that in Cnmberland. The ooal 
■neMHres are overlaid in the oentral portion by Permian strata, 
and moat of the area is greatly obocured by drift. There are 
aeama of ooal measuring from one to nine feet in thiclcneas ; 
and these have been worked along the southern border of the 
area, from Black Burton eastward to the Craven fault, south 
of Ingleton. 

The coalfield at Argill, near Brough, in Westmorland, waa 
discovered by Mr. J. G. Goodchild, F.G.S., upwards of twenty 
years ago. Althongh very small in auperfioiol ares, there is a 
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great thiokiiMB of ooat mea9nr«g. oTerljiog 1000 faet or more 
of millstone grit. In the cokl meaanrei thsre are aboat tweuty 
distioot geaniii of ookI of good quality, eight or nine of them 
being not less thao two feet, and one nearly eiglit feet in 
tbickoeBB. There are also Heveral thick deposit of fire-clay. 

The CarboTiiferonB rocks, as their name indicates, sre 
remarkable, above all other geological formations, for the 
profusion of fosBil-regetation they contain, but they are also 
rich in foaailized remains of animsl life. The graptolitea, 
which were so numerous in the Ordovician and Iiawer 
SilurisD rocks, had disappeared, and trilobites were dying of, 
but the remaioa oF ahell'fish bad largely increased, while 
Ijanoid fishes, corals, oncrinites, and a higher class of 
amphibian mammalia had appeared, together with insects of 
Tarion* kinde. 

Subjoined is a list of foBBil plant remains transcribed from 
Oie Quarterly Journal of the Geological Society, vol. !>9, 1903, 
a* lecotded in a valuable Paper on the "FoBsil Flora of tbe 
Cumberland Cosllield, " by Mr. R. A. Newell Arber, F.Q.S. :— 



(Styiocalam 



ts ScbcochEeri. Hoffi 
obUquB. (Biongl.) 
teniiiiolia. (Scbl.) 
heterophylla. Brong 



MarioplarlB ( Diplothuienia) mm 
(Soh1.| 
miiricata. (SchM 
lallJolia. (Brongt.) 

Sphenopfayllum cuneifollum 



Lepldodendn 



Lepldopblolos 
LepldophylluD 



AlelliDpleTis Serli. Br< 
decarrens. 
Cordattei principalis- 
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PERMIAN AND TRIA88IC ROCKS 

(New Rkd Skbies). 
The girdla of cftrboniferoni rooki, which almoat BUtTonndi 
the Lftke District, is aaooeeded by aa oater girdle of Permiui 
and Triuaio strata. ThsM rooks oovar a muoh largur area, bat 
in all probability their thickneaa ia not far in eiceM of the 
carboniferona leTieB. On the north and Dorth-east they 
extend from Uaryport to a point aboat three niilw north of 
Netharby, and fram Bowneas^on-Solway to Kirkby Stephen, 
being cut off on the eaat by the Pennine Fanlt. Oo the south 
of the Lake District there are detached patches in Cftrtmel 
tutd Low FnmeBB, and on the west a atrip eitendiog from the 
Dnddon eatuary to St. Bees Head, but tbey attain tbeir 
greateeC developmeot between Penrith and Carlisle, and in 
the valley of the Eden. The lowest bed of tha aerie* is the 
Penrith Stmdatone, conuating of a rather ooarse-grained dark- 
red sandstone of fairly uuifarm character, whidi, with it* 
nnderlying and overlying breccias (locally called broekram), 
attain* a thickness of 1,600 feet. The rock show* a great 
amount of false bedding, but contains no trace of animal 
remains, except some faotprinCs of ehelonians. Above the 
upper brockram, there ia a series of alternating beds of pale 
yellow sandstones, with thin £1ms of clay between, of reddish 
dolomitio tanditones, marl slate, bands of impure dolomite 
auid shale, about 160 feet in thickn***. Some of the light 
yellow sandatones, clays, and shales are crowded with car- 
bonised plant remains, mostly in too fragmentary condition 
to be identified. These beds may be seen in Hilton Beck, 
aboat & mile below the village at Hilton. Overlying the 
plant beds there ia a thin band of magneaion limestooe, in 
Bome places reaching ten feet in thicknes*. It, too, yields 
fossil* in considerable □ambers, including Polyzoa, Bracbi- 
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opodi, lAmellibniiDhs, ami Outeropods ; also, Ganolda, 
Ampfaibiana, and lome traoei of Beptiluui remtunH. 

The pIoDt beds and magneiian limestons form the diriding 
line between (he Upper and Lower New Ked Rocks. 

The magiiMiaii limestoae is OTsrlaid by abont 300 feet ot 
gypaeouR marli, red ihales, and micaoeana flaga, baring at (be 
baie, in some plaoea, a band of oou glomerate. Above the 
gypeaons marla there ia a great (biokneu, probably over 1000 
feet, of Venetian-Fed eanditones, with oocaaional white bandi, 
and band* of mottled aandstone, interatratifled with beds of 
red undf shale and marl, which are known aa the 8t. Beea 
and Kirklinton Sandstones. Ezoellent sections of the St. 
Bees Sandstone may be seen at Raven Beck, a tributary of the 
Eden, at Shalk Book, aonth of Cnrthwaite Station, on the 
Maryport and Carliele Railiray, and at St Bees Head; and 
tho overlying Kirklinton Sandstone may be seen in the pamh 
of Kirklinton, at Rockliffe, and at Netherby, 

Above the Kirklinton Sandatone there is, around Carlisle^ 

well on to 1,000 feet of Eeuper Marls, with rock salt, gypsum, 

and, near the base, flags and thin beds of magnesian limestone. 

' There is also a small outlier of liaa, about four miles west of 

Carlisle. 

The New Bed Books on thq margin of the Lake Country 
have been very ably mapped and deaoribed by the offioera of 
the Geological Survey, Messrs. J. Q. Ooodohild, F.G.S., T. V. 
Holmes, F.G.S., in the QuarUrly Journal, vol. 37; Procttding* 
of the Geologic' Asiioeiation, vol. 7; and Traneaetieni of lie 
Cutnberiand and Watmartand AtiocicUioTi, No. 17, I8SI— 92. 

The HUton Shales, or Plaut of Bads, have yielded the 
following species :— 

Alcthoplais Gotpperii. Nmiim I SphenopRrii Nmupuniu. Gutbis. 

ItkcteedofipfiCHSof tnimBiUa. j UlbnaatK Kluinoi. /Cones, Ivtvo, 
Sphftaoplerii dicholoma. AUhaui. | ,, bronnii ^ brascho. 



Many of the T>Ueya beoatth the higb«*t mouDtain muua, 
coDtkin nomeroiia irregular monDda of moruQ« materUl, lOaie 
of whioh httTe been cat throagh bj itreunt. Bicellent 
examplee may b* leen in the St. JohD'a, Greeaap, Loagetrath, 
Ennerdale, Bnttarmere, Lortoa, Oiiidale, Hartwp, sad maoy 
other valtejs. The rocke on the moontaiDB, and on the aide* 
of the TallejB, are in many placei rounded and grooved by 
glacial aoticm. In the valleys, thereare alio numeroua patches 
of boulder eUy, cootainiiig oocaeionally atriated and grooved 
boulderi. On many of the Skiddaw Slate moiintainB, DOtably 
Latrigg, eattern end of Skiddaw, BleDOathra, Newlands Hawae, 
Idelbrake, to., there are perched block* of ath and trap from 
the volcanio seriea, at all eUvatioiig up to l.GOO feet, and the 
river oooTTCi in the Skiddav SUta vaUeya are mied with 
bonldera that have been transported from the mountaiiia of the 
volcanic eerie*. There are, I believe, few looalitiea in the Lake 
Diatriot where the effects of glacial action may be seen to 
greater advantage than in the valleya of the Greta and it* 
tribntariea ; and certain worka that were in progresa oa the 
Cockennoath, Keewiok, and Penrith Railway, in ISM and the 
two following yean, ooniiiting of the •xtoniion of eidinga and 
enlargement of the itationi atKsiwiokandThtelkeld, and the 
doubling of the tine between Threlkeld and ITroatbeok itationi, 
a distance of 4} milei, afforded exceptional opportunities for 
the examination of the surface deposits left by glaciers iu the 
localities named. The excavations in oonnactioa with these 
worka were made ohiefly in glacial drift and boulder olay, and 
these materials, which cover most of the moorland between 
TroDtbeck and Threlkeld Atationa, consist of a stratum of 
iMtiwnish clay oontaining a large number of boulders, and also 
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lug* qnantitlM of inuUsr itouei tnd pabblsi, many of them 
baitig gro*T«d sod Boratdied ; it vmriaa in thiokiiMi from thrM 
fMt to mx foet, the grMiUat tUoknew oocnrrins umf ThralkeU 
Ststioii, ud towmrda the bottom of ths Tallej. The brown 
olnj ia OTwUid is tome placM bj ■ thin oovenng of peat, and 
in othsn hj a thu atratDm of poor olajoj wnl. Beneatb the 
brown olaj U a bed of bine olay, oontainitig bonlden and 
pebblM almoat aa nnmeroas as Uioie id the brown olftj abaT& 
The blD* olaj appeara to vary in thiokneaa from abont aii faet to 
nine feet, and ihowi theumetandenoy to thioken toward* tba 
bottom of the valley ; but in Duuiy of the anttdnga the bottom 
of the bine clay wat not raaohed, and it* Mtnal depth oonU 
not be aaoeitiined. The dip of the bedi ooinoidea in a general 
way with the preMiit OMifignration of the anrfaoe. 

The blue clay ii mannfaatnred into tiles and drain pipes at 
Troutbeek Station, and «■■ formerly naed for briok-making 
near Threlkald ytation. 

Tbfl whole of thii materia has donbtleu been bronekt down 
1^ glaoien, or rather by a oontinaona ioe-staest flowing north- 
ward from Clongb Head and Wolf Crag, at the northern e>d 
of the Helrellyn range, nearly all the bonlden and pebUei in 
the drift being fragmeDU from the voloanio rocks of the 
BorrowdaU Series. 

About a quarter of a mile north-west of Threlkeld Station 
the riTers Bear and Glenderamakin nnite and form the Hreta, 
which runs throngh a deep narrow valley, 2| miles, to 
Keswick. The valley of the Greta is extremely narrow at it* 
eastern and weatem axtremitiee, and the banks of the river arc 
very high and precipitous, except in the middle portion, where 
it crosses the months of the Olenderaterra valley on the north 
and the Naddle valley on the sontli. 

During the greatest intensity of the glacial epoch, the 
preianre of the ioe most have bean very great in the valley of 
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the Grata ; id additioo to tfae iheetl fiowing from the oorthem 
end of Htlvallyn, mad. from the amiimit of BleiiMtbra on tb« 
oppoait* ait of the valley, gladen aUo flowvd dowo the valei 
of St. John and Naddle. The greater portini of thii vaitnuM 
of ioe must have forced iti waj through the Talley of the 
Greta, and thence seaward through the valley of the Darwent, 
» amall qoantity only finding an outlet northward into 
Bkiddaw Forsat; tbroagh the narrow Qlenderaterra valley, and 
carrying with it a few bonlden from the volcania lariet. The 
eaotern end of the Threlkeld rallay wonld at that time be 
blocked by a glacier flowing down the valley of the Olender- 
amakin. The valley of ths OreU waa then filled with ioe 
•bove the level of the top of I^trigg (1,200 faat) : abundant 
evidence of thia ia afibrdad by the large nombar of perched 
blocka and boulders from tha volcanic aariea left on the top of 
Latrigg and on the aontham slope of Lonaoale Fall. I^ter, 
when the ice malted, vaat nnmbera of bculdera of all aizea were 
left icatterad along the aoothem aide of the valley, moatly from 
the aahaa and lavna of the Borrowdala Scriea, and aaaooiated 
ignaon* rocka. Moat of the gronnd on the northern aide of 
the valley ii too precipitona to permit of bculdera finding a 
lodging place there ; indeed, if bonlden were atranded 
anywhere on that aide, except at or near tha month of the 
Olendaratena Talley, they moat long ago have toppled into 

the Greta, tha bed of which ia thickly atrawn with them. 
There are no traces of iee «in«tohe« on the rocka in the vall^ 
<rf the Greta, owing partly to the rapid eroalon of tbe bed of 

the river, and partly to the soft nature of the Skiddaw Slate 

on which scratches may have been left ; bnt at the month of 
the valley, where it opens into the broad vale of the Derwent, 

tUck and extendve moMes of bonlder clay and glaeial drift 
have been deposited. The tunnel (100 yards in length) on the 
railway, half a mile east of Eeawiek Station, and on the 
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•oathem nde of the rivM-, wm a^Tatad alniort entiral; in 
bine olay, meBmring nztaao fact in thioknou, OTarlmid by ou 
foot of uud and twalre faat of brown oUj- Tha olaj at the 
eMtoni end of tha tnnnal hM oftan giran graat trooble to th< 
anginaaring depaitmant id wet saaaoni. Tha line at that 
point ta pcotaetad by ■ retaiiUDg wall of maanTo itone work, 
37 feet ID height, above which there ia a iteaply alopiug bautt, 
conaiating of 40 feet of blae and 10 feet of brown oiay. SaTanI 
laodalipa have oocDrrad in thia bank, although nnmerona rem 
of pilea have bean driven into it. A portion of the maaeive 
retaining wall waa on one oooaaion overtnrnad, and the line 
waa blocked by the debrii and a moviDg maaa of olaj'. 

Od the tame aide of the rivar, and tbree-qaartera of a mile te 
the weat, itanda Sonthey Hill, which u capped by glacial drift 
tbe brown olay being praaeut but not tha Uae olay. On the 
Dorthem aide of the river there ie a long atrip of drift material, 
extending from tbe Keawiok Hotel and the eaaternrida of ttaa 
railway station to the weatem aide of Croethwaita Chnroh, a 
distance of about a mile, Tbe laqnence hare ia the earns m 
between Threlkeld and Troatbeok SUttona, but the beda an 
thicker. In the catting, on the northern side of the hamlet of 
Oreat Croithwaite, the; were proved to a depth of 23 feet ; and 
in the eection which waa a ehorttime agoaxpoaed, in extending 
the aiding at the weatarn end of Keawick Station, they meaanra 
aafollowa:— Brown Clay, 10 feet ; Bine CUy, 16 feet (bnt the 
baae of the blna clay waa not expoaed aod ita entire thieknetl 
waa not aacertained). Both the brown and tha bine olaya oon- 
tain the aame proportion of bonldert and pebbtea a* in the 
localitiea previonaly mentioned, many of them being a good deal 
aoratohed ; bnt they differ from thoae fonnd in the ont(ing)i 
eaat of Tralkald Station, in having amongat them a oonaider- 
able nnmbar of fragmanta of Skiddaw Slate, and the antbor 
fonnd there two pabblaa of qnarta falaite from the Armboth 



Dyke. The leotioD at 
Keawiok St&tiOD m 130 
jkidi ID laogth, bnt 
then it a alight break 
in it, 60 7ardi ot tb« 
weatem and being out 
back nine feat to the 
north. At the pdnt 
where the break occun, 
and for 17 yards eaat- 
ward, some beds of car- 
rent'bome materiolatake 
the place of the lower 
part of the bine cUj. 
There is a bed of rety 
fine sediment, of a brown 
colonr, one foot thick, 
above it there is two feat 
oE fine nnd, and above 
that a bed of coarae 
gravel and pebhles, which 
iaancceeded by blue clay 
of the Banal type. The 
whole of tbew badi dip 
to the aonth-weit at an 
angle of about nine 
d^reai. Directly aonth- 
weat, and at ri^bt angles 
to tbii section, aeroaa 
the Viti Park and the 
Bivar Grata, i« Sonthay 
Hitl, distant abont one- 
third of a mile, and tha 
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drift b«d« jiurt dewribtd hsTe al one time probably b«eii mora 
or Imi ooDtiDiioDi aorou tha interTsiuDg spice, and, if so. the 
whole of it hu BiDce been acooped out by the rirer to a depth 
of 30 feet, and in the present bed of the river, 40 feet below 
tiie floor of the valley m it probably liood when t^e depoeitim 
of gUdal drift aommenoed. 

The amount of poat glauial deoadation observed here is much 
greater than in some other localities, bnt the evidence in 
support of it is, I think, enffioiently oonclmsive. The preesDoe 
of the beds of water-boroe sediment, sand, and gravel, at or 
close to the base of the section at the weitem end of Keswick 
■tatioD yard, occurring as they do at the toot of Latrigg and at 
tiie weatern comer of that projeoting epnr o( Skiddaw, far from 
any stream which could posseasj sufficient force to cause the 
formation of such beda, one is atmoat forced to the condosioD 
that they could only have been deposited by the Qreta when it 
was flawing at that level. A considerable amount of denudation 
has also oocarred at the eastern end of Forge tnunel, but aa 
the river hsa had to cut ita way chiefly througb rock, ita 
erosive action has not been go effective there ns on tbe eoftar 
material a little further to the west. The tunnel, and the 
deep cutting at the western end of it, are no doubt iu an 
ancient bed of tbe river, which has been blocked by a landslip 
of tough boulder clay, and the river has aiuce been compelled 
to cut its way into tbe more yielding material on ita northern 
bank ; tbe present bed of the river is 28 feet below the ancient 
bed wbicb was blocked by boulder day. 

Nnmberi of peat-mosses and bogs, on the moontaina and in 
some of the valleys, mark the site* of old tarns and lakes. A 
large oval area of peat, between Blea and Watendlath Tama, 

The author hu spoit a canudenble amount oC iLnw io luicfaiiiK fiH ihelb, 
or (t^uicnls of BhEllt. io b«li Ihc bloc clay ud the bcowD day, but hitherto 
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tt a t&m u lftr£B u th* formir. Shoalbhwiite Mon 
WBi dearly a lake, at a period not very remote; and there wa> 
probablj aoother, MUtaif hat larger, in tlie Naddl* Yalle;. 

Nnmeroiu manea of drift material oooar in the ralleys, oon- 
aiating of ■ob-aognUr graTcl and bedi of und, atntified and 
false bedded. An ezoellent example of thu kind of dapoeit 
mar ^ *A*o o* BaawDthwaite Lake Station, alto between 
BaaMnthwute Lake and Bmblettm. A aimilar, bat amatler, 
'dspoait may be leen jnit aouth of the railway, aboTe Brigham, 
Keawiok. 

FAULTS AND MINERAL VEINS. 
The fanlta and tsIiih of the Lake Uiatriot balong to two 
syatema, one having a preruling B.N.B. and W.S.W. , and tba 
-other a N.N.W. and S.S.B. direction. The former ooincida 
with the strike of the older nicka, and are maoh older than 
the latter, ai they do not affeot any atrata at later data than 
the Upper Lndlow f ormation. No date can be asaigned to the 
newer, or N.N.W, and SS.E. ayitem. The beat-knowa 
«xample of thii lyitem ie the Pennioe faolt. wbiob dialocatea 
the itrata to the extent of not leea than from 6,000 to 7.000 
feet, and forma that important geognphi«al feature known ai 
the Feuaine Chain. In the Lak« IKitriot proper, the moat 
important of tbe newer ayatem ia one that eitenda from 
Skiddaw Foreat, through the Qiaoderaterra and Thirlmere 
Talleys. thenoe through Dunmail Pan, along the depretn'on 
ooonpied by Oraimere, Bydal, and Windermere Lake*. Ita 
preaanoe oan be detaeted near Amblaaide by the ahifting of the 
Coaiaton limeetone to tb« aontb. Another parallat Canlt 
probably extendi throngh the depresiion ocanpied by Baaaeo- 
thwaita and Derwentwater Lakes, throngh Bormwdale and 
the valley in which Coniiton I^ke liea. Tbia haa alao ahifted 
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tha Coaiatoa LiniMtme at GoniatOD WsterlMad. A tUrd 
imbkbly pauw along tb« vkllej ot Lorton, throngh Cmmmook 
uid Battermere lakes, taimiiiating in the Daddon estuary. 
It is also probable that dlere are tsnltB in the Shoolthwaite aod 
TVateadlath vallajn, and many more of minor importaoca that 
have lince become mineMl Teine. Otben no donbt txiat, but 
owing to the abience of clearly marked and persistent bedi in 
either the Skiddaw Slates or Voloanio Series, their preaence 
ran only be oonjeotured by the general want of harmony 
betwean the beda on oppoaita aides of aome of the valleys. 
The moat important of the older system is no donbt the great 
bonndar; fault between the Skiddaw Slates and the Voloaniv 
Series, which eitenda in a zigiag oooiae from near Egramont 
to the eastern end of Mell Fell. A parallel fanlt probably 
■xtenda from the coast ot Wast Gnmberland, np the Taltey of 
Eakdale, and i» prolonged throngh the Griaedale Valley and 
the depression of Ullawater lake. Some geologiats haTe- 
eipreseed an ojaaion that there are fanlts whioh eorrespond 
with each oE the *allsyi in the diatriot, and that tha valleys 
have been scooped oat by the variona denuding agents acting 
along the lines of fracture with greater effect than elsewhere, 
but the evidence in sapport of this theory is by do means 
oonolnsive, whilst there are numbera of mineral veins eating 
throDgh monataius and valleys in all directions without altering 
the configuration of the sarface in the smallest degree. 

Uineral veins are very nnmerons in the Skiddaw Slate rooks, 
many of them ate large and are filled with a variety of metallio 
and non.nietallic mineFals ; but the deposits of metallic 
minerals or metalllferoas ores are irr^nlar, ooonrring in 
detached sops more frequently than in continuons pipes. The 
*ein-stons is somstimea softer than the auolosiug rock, 
frequently couaiaCiiig of friable quarts, although there am 
oooaaionally large quantities of hard and eompact qnarti. In 
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•one inituioea, howarer, the om U aMOcUtAil with dUmt*- 
gntediUteof » olnyey oataM, which minonoftU "douk." 

Veina ue not m> nnmsFoui in th« Toleanio SuiM m they are 
in the SkidiUw Slates, bat boom of them hare besQ mom 
prodnotive, and the depoaiteof ore are more peniitent and 
extenriTe. The vein-itone, like thaeadoangrocki, iiuenally 
TBiy hard, and tha ore ia a good deal iDtermized with it. being 
taaa freqnenCly fonnd in solid masses, like the larger deposit* 
in the Skiddaw Slate*. At the Rocghtengill Mine, in the 
Toloanio rocks of the Caldbeok mountsins, there were almost 
oontinuouB deposits eitaadini^ orer 600 fathoms io lengtii and 
100 fathoms in depth. At Coniston and Oreenside minea, 
both of which are in the Volcanio Series, there were richer 
deposits, extending over 200 fathoms in length and 200 fathomi 
in depth. Bnt the most ralnsble and eztaneive deposits of 
raetalliferaaa ore occur in connection with the veins iu the 
carboniferonslimestone — of hematite iron in Weet Cumberland, 
and of galena in the Cross Fell range. Id both of tbeee 
localities, but especially in the former, the ore occnr« not so 
much in the reins as io flats and in daposits of irregular shape 
connected with the veins. 

Id early geologic agei, the rocks of the [aUb country have 
been subjected to moob ommpliug and folding, and there have 
been repeated elevatioos and depressions of its surface, some 
ot which may have bean sudden sod others gradual. It has 
also Bn&red very extensive denadatiou from the eroding action 
of the weather during countless ages of exposure to its forces ; 
alio from the action of rivers, glaciers, and the waves aud 
onrrents of the ocean, beating npon the land, while slowly 
rising to or linking beneath its anrfaoe. There haa also prob. 
ably been a certain amount of crashing and partial ctampling 
of the etmta, by lateral pressure, in later geologic ages, oausod 
by the shrinking of the earth's crust ; and thus portions of the 



76 

krana anted npon vonld be alaTated and otlien dapraaaed in i 

^OHMpauding dagrea. Whan ui alenrtioii of this kind 
oocaired at tha moath of a Tallaj, or a dapreuioD at ita haad, 

-a lake baain woald be formed or an aiiitiDg on* deepenad. In 
•ome raro caaca, the revene moTemect may hare emptiad pre- 
exirtinx lake*, but it it mora than probable that lonie of th« 
lakaa, and also of the tama, owe their origin to the dammiog 

■nl the riven and Talle;> by nndalatioiu produoad xa tb* rodu 
by lateral preuare. In Deoember, 1894, a Paper entitled, 
"The TarnB of Lakeland," wa« read before tha Geological 

•Sodety, by Mr. J. £. Man, F.O.S. {QvarUrly Journal, toL 
Bl), in which it waa ihown that many of the tarns in tha Idke 
country owe their exiitanoe to the daniRiing of imall valleyi 
by moraine material and glacial drift ; alao that in some tania, 
the original ontlet had been dammed by a maai of glacial drift, 

and the anrfaoe of the water theroby nused nuldl it found a 
freah ontlet in another direction. 

SDMMAR7. 

The rocfag of the L4tke oonntry have been formed under Tray 
-different oonditiona. The Skiddaw Slatee, aa we have before 
aeen, were dapoaited at or near the month of a large river, and 
that the lea then teemed with low forma of ^nim«l Ijfs, while 
the Voleanie Seriea wat laid down nndar fiery and death-daali^ 
conditiona that mnit have been deatruotive of every form of 
Kte. Then a depreation took plaoa, and the Coniaton Lime- 
■tone, with ita ihalei, wai depoaited, in a moderately deep aea. 
Afterwanit, there waa a partial re-elevation, and retom of 
deltaic conditiona before the deposition of the overlaying 
■halea, grita, and slates. The npward movement eoatinnod, 
and the embryo I^e District waa an island during the 
dcpoaitioo in other quarters of the Llandovery gronp. Another 
•light depreaaion prepared for the depoaition of the Lodlew 
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rooks, RftoT which itwusgiinalevkted, and temtined eipoa*d 
ta desDdktion dnriag ft very long period, rapreaeuted elMwhra* 
by the depomtion of the Old Eled Stuidrton*. J. C. Ward, 
F.G.S., eitiinated that daring thii period of daundatioti 20,000 
feet of rock wu removed from the sDrfftoe of the Lake 
eonntry.* The Und again began to link, aod the bMsmeat 
oooglomerato wai formed of fiBgiuentt torn from the linking 
HorCace. The downward mOTenient oontianed very elowly 
tbnnifih the whole time ooonpied by the depoaition of the 
oarbonifarona ieriea, daring which a aemi'tropioal climate 
prevailed. AtterwardB, the land waa again elsTated, and the 
Permian and Triaaaio rocki were formed, probably in a large 
inland lake, on the muddy ahorea of which nondeecript 
ohaloniana wandered in aearch of food, leaving their ouriona 
foot-printa aaaooiatad with the marka of rippUng warea. From 
the aommenoemeut of the Permian Age to the close of the 
glacial epooh, the Lake District was undergoing aab-aSrial 
denudation, and the mountains and valleys had saaamed very 
niDch the form they now poaaeaa. 

During the greatest intensity of the glacial epoch, the Lake 
country wa« smothered beneath ■ ra^u of moving ice, which 
deepened ita vallsya, gronnd off the anglea of the rocka, 
ronuding and grooving them, uaing for graving tools the 
fragmsnts already torn off. Towards the dose of this epoch, 
each valley was occnpied by a glacier, vhich gradually 
diminished year by year, nutil they finally disappeared. At 
the end of the glacial period, the land once mors sank beueatb 
the sea, and emerged again witboot any interval of reet. tb* 
grsvela and other aurface depoaita being re-arranged daring 
the opention. 

*At the coiniiMdccaieDt of thu period of dcnudvtion, It is probjtble that the 
Lndlow rocks and imiiH-liring Eonrcr Siluriin unu, h»d a " — ■-'- 
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It u a Terr didSoalt in*tt«T to form & tnia ooncsptioa of tfae 
-VMt perioda of time required for the formation Dfallthaatraia 
repretented in the Lake Diathct, bat an iUnitration ueed by 
ihe late J. Clifton Ward, B. Q. S., majr be of aomn lerTioe. He 
•aid, if the dietance between Ketwick and tbe twelfth uu\6- 
rtone on the road to Ambleiide be taken a« the distance in 
geologic time from the pmnnt to the remote age when the 
■ediment of wbioh the Sklddaw Slate rocka art) formed b^an 
to aocamiilste, then BO feet along that road woald repreaent 
the time from the pretent to the close of the glacial epoch. In 
other words, as 80 feet is to 63,360 feet, ao is the lapee of time 
backward from the preeent, to the cloee of the glacial epoch, 
compared with that reaobing backtotbe commencemsiitof the 
Skiddaw Slate period. 

Mr. Groll estimated that 80,000 yean have elapaed aiDoe the 
-cloM of the glacial epoch, but Ifajor-General A. W. DniTaon, 
F.R.A. B., atitaa that the "glacial epoch terminated not longM 
than 6,000 years ago, and lasted not looger than 18,000 yean." 
{TYatuiiction* iif the ViOoria InttUiOe, toI. 26, p. 260). The 
latter etatement is mach more in harmony with the erideace 
afforded by tbe comparatiTely recent marks of glaoiation left 
on oar LakeCoontry rocka, and by the depoaita of glacial drift 
■and bonlder olay. 

THE MINERALS OF THE LAKE DISTRICT. 
Tbe veins of the I^be Diatrict contain many rare and 
-beaatiful minerals; more, probably, than are to be fonad in 
any area of equal siie in the United Kingdom, or even in 
Borope. One mine aloae, namely. Bough ten gill, near Cftld- 
beck, yields no leaa than twesty-three distinct spsoiea or 
■varieties. About 108 varietiea in all, either occur in the Tein^ 
-or are disseminated through the rocka of tha Lake Diftnot : 

1 ...A.ooglc 
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£2 of whiob ara non-matallic, kud 56 metftllio. It u not my 
iutsntioD to treat of aaroh ipeoiea in detail, bnt merelj to gire 
A ihort tleioription of tlie prinaipal noo-met«llio rock-forming 
mimerali, and those of the metallic order that are of the 
greatest importanoe in a oommercial point of view. 

NON-UGTALLIC MINERALS. 

Q&APHTTB, or Plumbago, aomnioiily called black lead, is 
oomposed of about 96 per cent, of carbon, and 1 per ceDt. of 
iron i and the apeoific gravity of th« best quality is abont 
double that of water. It i> uaed chiefly in the maunfacture of 
pencils, cleaning and gloasing oast iron work, SDch aa atoves, 
gratea, to. ; but alao fornii an ingredient in aeveral anti- 
BttritioD oompoaitiona, aod being capable of emduring great 
heat without fuaiug or cranking, it is, owing to thi* property, 
ased in the manufacture of cruoiblea. Graphite is found at 
Seathwaite, in Borrowdale, in ita beat and purest form ; uid 
being the only apeciei that can be manufaotured into fine- 
pointed penoili, in its ikatnral state, it is of great value. 

CoAl. i> composed of carbcn, with oxygen, by drogeo, uitrogsn, 
and earthy matter in varying proportioua ; the quantity of 
bituminous matter amountiDg to from ten to sii:t; per oenb 
in different kinds. Its appeaianos, and tJle purposes for which 
it ia oommonly naed, are welt known to all ; but owing to the 
progress made in chemical scieuoe, sacnhariue, ammonia, and 
a Tarie^ of beautifal aoiliue dyes are now obtained from 
tubstanoes which formerly were waste residuals of coal that 
had been uaed in the manufacture of gas. 

Floor Spar occurs very plentifully in the District, chiefly 
in the oarboniferona rocka. Like galena, with which it is often 
asiociated, flnor generally assumesthafonnof onbas, and these 
iuteraect each other in every direction, without losing their 



individntlitj. It oconn in a gre>t rariety of oolonrs, the 
most oommon of which am green, blae, and lilac, each again 
Taiying ia light and darker tints. The mo«t beautifal 
•pecimena of thii mineral tiiat the Diatriot has produced 
have been obtained in the mioea aboat Alaton. 

Calcitb, or carbonate of lime, is more abundant than flnor, 
eepeciallf in veinl in the oarboDiferoai rockg. It probably 
aatniDM a greater Tariaty of cryBtalline forma iu tbia Dutriot 
than in any other part of the world ; aometimea it ia fonnd in 
clear gUaay oryatala, but generally more or leaa ooloured, 
ranging through various ahadea of grey, brown, salmon, cream, 
or roae eolour. It ia often fonnd, in the form of ataUctites 
and stalagroites, in fiaaaraa iu the limestane. 

Akaqohitb ia a variety of carbonate of lime, foand in 
considerable quantitiea iu the iron minea in West Cumberland, 
and iu the neighbourhood of Alston. It sometimBS occurs in 
brsnchiag shrub-like forms, resembling coral, but moM 
oommonty in long, almost transparent^ apib«-like cryatals. 
There is also a fibroos variety, called satin spar. 

DoLOHTTB is one of the prettiest tninerala we have. It often 
oocars as a cryatalline inoruatation on hematite at Cleator, and 
on blende and galena in the mines near Eeawick. The minenl 
is a carbonate of lime aud magnesia, generally cream.ooIoared, 
and of a pearly lustre ; but aometimea Che colour is saffron- 
yellow, or a dark rich brown. 

Bakytes consists of sulphate of baryta, associated very often 
with a small admixture of other minerals, namely, aolphata of 
Btrontis, peroxide of iron, sulphate of lime, and silica. It ia a 
very heavy mineral, generally more or less cryatolliaed ; in 
soma cases colourless and transparent, ia others white, bnt 
more commonly grey or yellow. Barytes is nsed largely in tha 
manufacture of plate glass, in the odaltaration of white lead, 
the preparation of mixed painta, as a flnx in eopper smelting. 



uid Id ainall quantitiea (or Tarioni othor pnrpoiea. The 
localitiea where it ii fonnd are Greemiile, BUncathrs, 
BonghtcDgill, Ralhwaitc, and very pleotifnlly >t Fonw Crag 

GmtiM (anlphatc of lime) ii foand occaBionall; ai otear 
orjrttalt, in reint near Alitoa, and at St. fi«ei, bnt it ocean id 
large quaotitiGB in Bhalei, awnciated with the magaeaiau lime- 
atone, and ia worked for oommercial pnrpoaea at Little 
Salkeld, near Peorith, and other placei id Carabertand aed 
Weatmorland, 

Atatitb (phosphate of time) occurs iD some of the veina at 
Brandy Oil), in priamatio cryBtaU. many of which are imall, 
bat they ■ometimaa attain a Urge bize. It also ocoars in small 
qaantities in some of the grmniteB and Toloanic rocks. Tbe 
colonr is generally a pale yellowish green. 

QCASTZ (silica) is one of the most important rock conHtibnents 
in the Lake District. It is preeeat everywhere, more or leas, 
in the older i«aks, from the crystalline granite to tho soft 
eedimentary slate. Ail tbe metalliferoaa veins in the older 
rocks are quartz veins, bat in tbe veins in the carboniferous 
and newer rocks it is comparatively rare. The crystals ore 
generally in tbe form of a eix-slded prism, termioated by a 
six-sided pyramid, sometimes clear and oolonrlesa, but often 
tinted by oxides of iron, manganese, and other minerals. 
Frequently, however, both in veins aod small etnogs, it is of 
an opsqne milky- white colonr. When examined minro- 
•oopically it ia seen to b« full of minate cavities, nearly filled 
with water, and the tiny vacuity in each cavity, like the 
babble in a spirit level, is always ia a slate of restless motion. 
These cavities are of all sbapes, aome ronnd. others almond- 
sbapsd, or long and hranchinv, but they are so numerous that 
if a piece of perfectly dry veia quartz is broken, the fracture<l 
surface is instantly oovered with moisture. The size of tbe 
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cftvities *&ry from l-20[H)th to 1-lOOOOtb of an inch in diftmetoi. 
By cftreful eiperimenta, Mr. Sorby and other workers hare 
■tiown thftt qnartz was formed Doder great presaure, and at a 
beat that would be visible in the dark aa a dull red. The 
water, thus heated, would be nuable to tarn into vapour owing 
to tbe great preMQra, and, having been enoloied in that 
oonditioQ, would cootract aliithtly on cooling, and by that 
means oanse the tiny vacuity to be formed. Baaing a 
calculation on tbe relative size of the liquid cavities, and the 
vacnitiei in them, J. Clifton Ward, F.G.3., rati mated that tbe 
quartz in the Stiddaw (iranite was formed under a preaanre of 
more than an equivalent of S0,000 feet of rock ; and th&t tbe 
mean preeeure under which all the priocipol granitio and 
granitoid rocks were coneolidated was equivalent to 44,000 feet 

Epidote i> a yellowish-green mineral, occurring in moot of 
the Tolcanio rocka ; it ii very abundant in some of the beds of 
tbe Falcon Crag series, where tt fills np small fissurea and 
cavities with its Blender nsedte-Kke cryntala. 

FklsPar ia an iuiportaut constituent of neariy oil the plntouio 
rocks in the District. It occura in a variety of forms, and ia 
often much altered. The following varieties have been found 
in Cumberland and Westmorland : — orthoclase, utigoolaae, 
plsgiocloae, labradorite, andesiue, albite, microline, and 
probably Baoidioe. 

Chlorite ie probably the most prominent mineral in the 
rocks of the volusnic seriea. Wbeu aesn in a massive state it 
is of a dark olive-green colour, and it is owing to its presence, 
BO widely diffused through the rocks, that their prevailing 
green tint is due. It is probably a decomposition prodact of 
several other minerals. 
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METALLIC MINERALS. 

Gold. A bdi&II portion of gold bu been found st Goldscope 
mine, ssaociated nitb chaloopyrite ; and at Brandlebow mius, 
in quartz and r«d goaaan. Respecting the former, we are 
informed in Gibaon's Camden's Britatinia, tbat the ore raised 
at this mine was bo rioh in gold and silver, that the valne of 
thsK two minerals extracted from it was graater than that of 
tbe copper with which they were aasociated. 

SiLvsR is contained iu nearly all lead and copper ores ; some 
of the former yield ■• much u U* onnoea per ton;* bnt the 
average yield ia about 18 ouncea. The lead ore raised at 
Silvergill and Driggitb mines, near Caldbeot, coDtoInBd about 
25 onncei; and the Force Crag ore about 35 ounces per ton. 
Tbe weight of silver ertracted from lead ore raised in the 
enantiea of Cumberland and Weitmorland, in 1888, waa 
I6cwt. Oqrs. 231be. avoirdupois, representing in value £7,260. 

Iron, although of less oommercial value than gold and silver, 
is really the most important of all minerals. It occurs in 
irregular-sbaped deposits, some of which are of immenBe size, 
in the carboniferous limestone in tbe Cleator and Fumess 
districts; aud in Teina, in the Skiddaw Slate, at Kelton, 
Knockmurton, &o. ; also in small qoantities in tbe volcanic 
series, and in the graoitic and other igneous rooks in various 
localities. Itooneistschiefly of hematite ; but small quantities 
of the more rare species are also found, such as mispickel, 
limonite, siderite, ilmenite, and pharmacoaidente. Hematite 
is composed of about TO per cent, of iron and 30 per cent, of 
oxygen. In colour it varies from dark-red to purple, and is 
generally very hard and compact, having a metallic lustre and 
an uneven fracture. Sometitiies small cavities occur in it, 
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mdJBcent to which the ore kuumea the farm tarmed "kidaef 
ore," BO ofteD seen ia miaentlogieftl cabinets, and whidi 
exhibits the mineral io a high state of purity. Id these 
cBTiliei rook oijital f reqaeatly oecnra ; also calcite, aragonite, 
dolomite, ftc. 

Iboh PvRma, or iron biautpbide, is composed of aboat 4t 
per cent, of iron and 64 per cent, of lulphnr. It ia a hard 
mineral, emitting sparks vrhep stniok with steal ; is of the 
•ame colour as brass, and bnms with a bine flame when 
■nbjected to the action of fire. It occnrs, more or less, in all 
the rocks and veins of the Lake District, both massive and 
crystallised; whatever the dommant ore in avein amy be, iron 
pyrites will also be present to sonie extent. It almost invari- 
ably assumes the cabical form, and the crystals are sometimes 
of a large size. Very beantiful apeciment are obtained fram 
the mioea near Keswick, in some of which the pyrites oocara 
aa an incrustatioD on galena, and in others the crystals appear 
in all the tinta of parple, pink, and green. Isolated cnbes of 
iron pyrites also occur in considerable qnantities in some part* 
of the 3kiddaw Slate rocks, and occaaionalty in the voloanio 
series; these cubes frequently decompose, leaving a square 
cavity in the ikta. Specimens of Skiddaw Slate are sometimei 
found on which the decomposing iron pyrites has deposited > 
film, which displays all the colours of the rainbow. Iron 
pyrites occurs ia oonaiderable qnantities at Woodend mine. 
near Threlkeld, and Caldbeck Fells; but it has not been mined 
profitably except at Alston and near Millom. Abont 600 tons 
were raised in Cnmberland in 1880, worth about £260. 

PslLOHBLANK. Of hydrous peroxide of manganese, is a brittle 
mineral, of a black or bluish-black colour, and consists of 
about 70 per cent, of manganese, 8 per cent, oxygen, 16 per 
cent, baryts, and 6 per cent, water. It is used in tha 
manufaotnr* of glass, and in bieaebing; The localities 
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where it ia found m Cftldbeck Fells, BlenMthra, attA 

Force Cng. 

Cobalt. Two vatietieB of this mineral, namely, erytbrine, 
and Hmaltine, are fonud in the cobalt mine, in the Canaey Pike 
range, between Sail aod Scar Crags. Erytbriue, or araeciate 
of cobalt, Ib of a dull peach-red colour, incHuing to blue, and 
yields about 3S per cent, of arsenic acid, 37 oxide of cobalt, 1 
protoxide of iron, and 24 ot water. SmaltinB, or cobalt pyritei, 
coQiiBta of about 20 per cent, of cobalt, 4 of iron, 76 of araenic, 
■od ] of snlphur. It has a metallic luatre, and raiieB in colour 
from tin-white to st«el.grey. The mineral ia need chiefly in 
the line arte, and is aboat equal to silver in value. 

CoFPBB is found in the Lake District in a variety of forms 
and oolonrs, nnmbering no 1ms than eight distinct varietiea, 
namely — pitchy copper, malachite, alivenite, m el aconite, 
brochantite, chrysocolla, chaloosine, and cbaloopyrite or 
copper pyiitea. The last named ia the must plentiful, in fact 
the greater part of the copper produoed in the United 
Kingdom is obtained from copper pyrites. It is composed of 
about 31 per i^eat. of copper, 33 of iron, and 36 of sulphur. 
and is generally of a brass.yellow coloar; but the surface is 
frequently, vaiiegated with red, purple, pink, and green. The 
localities where it occurs moat plentifully are CoDiaton, 
Ooldacope, Dale Head, and Caldbeck Fells. 

Antiuohitb, or aniphuret of antimony, is a mineral of a 
lead-grey colour, frequently blackisb, and baTiug a metallic 
Instra. It ia composed of about 74 per cent, of antimony, 
and 26 of sulphur. The localities where it has been 
found are Kobin Hood mine, Bassenthwaite, Wanthwaite 
mine, and Carrock Fell. When the railway between 
Keawick and Feuritb wa« being oonstrnoted, a solid lump of 
snlpbide of antimony, weighing 1 cwt., was found in the 
drift clay, at Tronlbsok Station; it had no Teiu-ltone or 
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rock tttiohad th&t would indicate the loctlitj whence it wm 
derived. 

UtAD. Tea dietiDot Tftrietiea of this minent are found in 
the Lake DiaCrict. aome of which oainme very beautiful forms 
and Goloara; the mnat oommoa are cernnite or carbonate 
of lead, and galena or anlphide of lead. The funner ia com- 
posed of about 83 per cent, of oiide of lead, and 17 of carbonic 
acid. In colour it ia white or gray, and eometimee reddtafa- 
browQ. The orystals are luaaUy long, slender, and pointed, 
■ometimet ai fine as needlei, and almoit as long; epecimen* 
ooiuiBting of an open network of cryitali) of this kind wen 
■ometimea obtained from the Brindlehow vein, large as an 
orange and white a* mow, bnt the teadereet care failed to 
preaetve them from gradually falling to piecea. Cemwita ia 
also found at Vewthwaitc, Barrow, Force Crag, and at 
Caldbeck Fells, Galena, which is the moat prevalent form 
of lead ore, coatains about 1)6 per cent, of lead and 14 of 
■nlphnr, and iti colour it a grefish-bloe. The crystals, 
which are oubio in form, are sometimes large and occasionally 
very smalt ; the latter, oommonly termed fine-grained ore, 
conttuDs a larger proportion of silver. Galena occara in 
all the lead mines in the District, associated with cemssite, 
blende, calamine, ohaloopyrite, malachite, and iron pyritea. 
The more rare species of lead, namalj, angleaite, liDarite^ 
ludhillite, caledoQite, pyiomorphite, mimetisite, and itolxite, 
are found at Caldbeck Fella, except the last named, whidi 
oecnrs at Force Crag mine. 

Zinc, Four varieties of zinc ore are found in the I«ke 
District, namely, blende, calamine, aurichaloite, and Snitb- 
■onite, but the last three occur in small quantities. Blende^ 
or sulphide of zinc, ia a mineral of a dark reddish-brown 
colour, sometimes almost black. It occura usually witb 
galena, 'chalcopyrite, and iron pyritea ; and, like galena, it 



cryatallisea in tbe cubic fonn. Beautilul Bpeoimena of this 
mineral are obUiii«d in the iniDea near Keawiek, aoma of them 
haviafc the cubes enemeted with quartz or dolomite ; and they 
are much aenght after owinj:! to the beiutifal lustre of tbe 
mineral and ita aon-liability to taruieh when eipoaed to tbe 
air. Blende is nearly as heavy as lead ore, and of the same 
weight aa iroa pyritea, hence it ia a very difficult matter to 
aeparate it from these miaerola, and it ia almoet ioTsriably 
aasoeiatad with them. The localitiea where it i« found moat 
plentifully are Force Crag, Woodend, and Thornthwaite 

. IfoDC of tbe metallic miDe^■l^ except iron pyntea, are ever 
found apart from mineral veioa, or the amall atriage connected 
with them. The data in which lead ore ia found in tAie car- 
boniferona limestone, near Alaton, and the irregular depoBita 
of hematite, in the same formation in tbe Cleator and Furneaa 
districts, are also coauected with veins; and it i« by the aid 
of those Teina that the miner ia guided in hia search for 
metallic ores. 
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BEST 

GREEN ROOFING SLATES, 

From the Honister, Yew Crags, and Dubbs Quarries 
(near Buttennere Lake), 

Unrivalled for Quality, Colour, and Durability. 



I 



HlihMt JLwsrd : 

Qold Medal, Interactional SsUbltloii, London, 1S62. 

"Modal DselUng," Newoaitle Kihlbliion, 1887. 

Mancbelter Bihlbltlon, 1896. 



LIGHT SEA GREEN, 
DEEP OLIVE GREEN, DARK GREEN, 

For prices and terms, apply to the Secretary. 

Buttermere Green 3lQte Co., 

Limited, 

EESWIOK, OUMBBBLAND. 

Also Owners of 
The Original Elterwater Quarries, Elter water, Ambleside 
The Coniston Green Quarries, Coniston R.S.O., Lanes 
The Broad Moss Quarry, Coniston, Lanes. 
Lingmoor Quarry, Westmorland. 
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BANKS & CO., 

Black Lead 

Pencil manufacturers 

{ T<? His Majesty s Government, 

and to Her Majesty t/ie late Queen Adelaide, the 

King of Saxony, the King of the Belgians), 

GRETA PEKCXL WORKS, 

KESWICK, Cumberland. 



Agents in every Town. 
Special Terms to Ohurch Bazaara 

BANKS & CO. are the only Pencil Manu- 
facturers in the Kingdom who held shares in 
the far-famed Black Lead Mine in Borrowdale, 
Cumberland, Visited by King Edward VII, in 
the year 1857. 

D.5™t.b,Google 



DOBIN30I4 BIHKETT, 

PRACTICAL 

g Market Square, KESWICK. 

Manufacturer of Stone Goods 
and Mineral Dealer. 



— A VERY FINE COLLECTION OF — 

Lake District Minerals. 



A SPLENDID STOCK OF 

Stone GoodB in all kinda of 

Novelties 

suitable for Presents. 

Dealer in Modern and Antique Silver. 

Every description of Repairs to Watcites, Cioclu and 

Jewellery. Best class of work. 

ENGRAVING, GILDING, SILVER-PLATING. 



9 Market Square, KESWICK. 



GEOLOGY, MINERALS & MINES 

OF THE LAKE DISTBIOT. 



Price 2s. ; in cloth, 2S. 6d., a Sfcond and Enlarged 
Edition of 

"Mines and Mining in 
the Lake District," 

With Geological Map and Plans and Sections of 
Mines, 

By J. P03TLETHWAITB. P.aS. 

May be had of the Author, Eskin Place, Keswick, 
Of any of the Booksellers, 



The Geological Map of the Lake District and 
Environs is also pubUshed separately, in cloth- 
covered case — Price, 3d. 
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Mineral Springs near Kesvtiok. TranaactioneoflJie CurnberUaid 
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Skiddsw Granite. Tranaactioiis of ffie Cumberland and 
Wnlmorland Aaaociation, No. 16. 

Cleaved Aihetl and Brei»;ia8 of the Volcanic Series of Borrow- 
date. TroTimelioBa of tlif. Cumberland and H'tsimorlaad 
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The Dioritic Picrite of White Hause and Great Cockup, 
Quarterly Journal of the Geoiqfidol Sodely, vol. 48. 

An Intrusive Sboet of Diabase and Associated Books at Robin 
Hood, Bassanthwaita. Quarterl]/ Journof, vol. 49. 

The Borrowdale Plumbago : its mode of occurrence and pro- 
bable origin. (Abstract) Quarterly Journal, toL 46. 

Notes on some Railway Cuttings near Keswick. (Abstract) 

Quarterly Jauntat, vol. SI. 

The Geology of The English Lake District. lYaamctioai qf 
ttie Irutiiulion of Mining Slngiaeers, vol. 26, 
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